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INTRODUCTION

The objective if the workshop was to provide a forum for
the sharing of information and the discussion of device
applications in the area of organic and polymeric nonlinear
optical materials. The workshop addressed the issues of
theory, characterization, synthesis, molecular assemblies,
and potential device applications. Multidisciplinary
interactions are vital to the addvancement of research in
this field, and the seventy-six participants included
scientists from the USA, Japan, UK, France, Germany, and
Canada and represented academic, industrial and government

laboratories.

WORKSHOP FOCUS

The workshop focus was divided into five half-day
sessions and addressed the following topics.
Theory: Current theoretical work on nonlinear optical
interactions in organic and polymeric materials was reviewed,
with a focus on understanding the microscopic properties of
these systems and their correspondence to the macroscopic
properties. The value of modelling these systems and the
usefulness of the theoretical projections for determining
structural requirements for enhanced nonlinear optical
activity was discussed.
Characterization: Experimental studies to determir= the
second and third order nonlinear optical susceptic.ilities of

organic and polymeric systems was discussed. Limiting values

2 \ 5 ) 2 6 Approved for public release;
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for device applications derived from characterization studies
were presented.

Molecular Assemblies: Characterization measurements have
been carried out on many materials in a variety of forms to
provide information on structure-property releationships.
Molecular order is essential for second order nonlinear
nntical effects and may crnharnce third order effects.
Therefore, control of molecular orientation in these systems
is important. Useful molecular assemblies, including
Langmuir-Blodgett films and electrically poled polymer
systems were discussed.

Synthesis: The synthesis of organic and polymeric systems is
most effective when carried ocut in conjunction with
theoretical development and characterization efforts.
Examples of how synthetic efforts can be used to enhance
nonlinear optical activity and to improve the physical
properties of materials under consideration for use in
devices were presented.

Device Applications: Discussions addressed the current
status and the future potential of devices utilizing organic

and polymeric nonlinear optical materials.

SUMMARY

The Workshop on Organic and Polymeric Nonlinear Optical
Materials was very successful. The informal atmosphere
encouraged informal discussions, of particular importance in

this interdisciplinary field.




A Topical Workshop
ORGANIC AND POWYMERIC
NONUNEAR OPTICAL MATERIALS

sponsored by

The Division of Polymer Chemistry
AMERICAN CHEMICAL SOCIETY

May 16-19, 1988
Virginia Beach, VA

Co-Chairmen
Diana_ Gerbi Sukant Tripathy

The generous support of the contributors is gratefuily ack-
nowledged: Air Force Office of Scientific Research, Office
of Naval Research, Du Pont Company, Hoechst-Celanese
and 3M Company.




3:00-9:00 p.m.
6:30-9.20 p.m.

8:15 A.M.

8:20-9:10

9:10-10:00

10:00-10:30

10:30-11:20

11:20-12:10

1:30-2:20

2:20-3:10

3:10-3:40

Monday Evening, May 16, 1988

REGISTRATION

WELCOMING RECEPTION
PROGRAM:

Tuesday Morning, May 17, 1988
Opening Remarks

“An Overview on Nonlinear Optical Polymer Sys-
tems and Devices” by D.R. Ulrich (Air Force Of-
fice of Scientific Research)

“Nonlinear Optical Effects in Polymeric Films’' by
P.N. Prasad (State University of New York at
Buffalo)

Break
“Recent Advances in Nonlinear Optical Proper-
ties of Organic and Polymer Systems” by A.F.

Garito (University of Pennsylvania)

“Conjugated Polymers and Nonlinear Optics” by
S. Etemad (Bell Communications)

Lunch
Tuesday Afternoon, May 17, 1988

“Anisotropy of the Third Order Nonlinear Optical
Susceptibility in Conjugated Polymers” by A.J.
Heeger (University of California at Santa Bar-
bara)

“Nonlinear Optics in Ordered Molecular Sys-
tems” by K.D. Singer (AT&T)

Break




3:40-4:30

4:30-5:20

8:30-9:20

9:20-10:10

10:10-10:40

10:40-11:30

1G:30-12:20

1:30-2:20

2:20-3:10

3:10-3:40

3:40-4:30

“Several Series of Novel Polydiacetylenes for
Nonlinear Optics” by H. Nakanishi (Research
Institute for Polymers and Textiles, Japan)

“Resonance Effects in Cubic Hyper-
polarisabilities of Conjugated Polymers, by F.
Kajzar (CEN Saclay, France)

Wednesday Morning, May 18, 1988

“Nonlinear Optical Measurements on Liquid
Crystals and Quasi-Liquid Crystals” by Y.R.
Shen (University of California at Berkeley)

“Nonlinear Optical Effects in Conjugated Sys-
tems” by D. J. Gerbi (3M Co.)

Break

“Optical Nonlinearity: Molecules, Assemblies
and Wave Phenomena” by G. R. Meredith (E.I.
DuPont DeNemours and Co.)

“Characterization of Polymeric Nonlinear Opti-
cal Materials” by G. Khanarian (Hoechst-Cel-
anese)

LUNCH
Wednesday Afternoon, May 18, 1988

“Preparation and Characterization of Organo-
Transition Metal Langmuir-Blodgett Films” by T.
Richardson (University of Oxford, U.K.)

“Optical Properties of Organized Assemblies”
by S.K. Tripathy (University of Lowell)

Break
“The Nonlinear Optics of Langmiur-Blodgett

Films” by |. Peterson (GEC Research, Ltd., Great
Britain)




6:00 p.m.

8:00 p.m.

8:30-9:20

9:20-10:10

10:10-10:40

10:40-11:30

11:30-12:20

12:20

Wednesday Evening, May 18, 1988

POSTER SESSION
Wine & Cheese

BANQUET
Thursday Morning, May 19, 1988

“Advances in Organic Electro-Optic Devices' by
R.S. Lytel (Lockheed Research and Develop-
ment)

“Organic Nonlinear Optical Devices and Mater-
ial Considerations” by B.K. Nayar (British Tele-
com Research Laboratories, U.K.)

Break

“Towards Nonlinear Optical Applications of
Polydiacetylenes” by M. Thakur (AT&T)

“High Resolution Laser Spectroscopy in Poly-
mers’” by D. Haarer (Universitat Bayreuth,
West Germany)

“Closing Remarks” byK.J. Wynne(Office of Naval
Research)

LR BN BE BN 2R BN BE BN BN BE N R NN ONE BN N BN BE BE N BE R R BE BN B AR AN




P & AT v a8

List of Registrants

"ORGANIC AND POLYMERIC NONLINEAR OPTICAL MATERIALS"

MAY 16 - 19,

1988

Virginia Beach, VA

Gregory L. Baker
Bellcore

331 Newman Springs Road
3X-275

Red Bank, NJ 07701-7020
(201) 756-2932

David N. Beratan

Jet Propulsion Laboratory
4800 QOak Grove Drive

M.S. 67-201

Pasadena, CA 91109

{818) 354-6548

Murrae J. Bowden
Bellcore

331 Newman Springs Rd.
Red Bank, NJ u.701
(201) 758-3360

Michael E. Boyle

Naval Research Laboratory
folymeric Materials

NRL Code 6123

Washington, D. C. 20375-5000

(202) 767-2472
Eve Chauchard

Dept. of Electrical Engineering

University of Maryland
College Park, MD 20742
(301) 454-6834

Paula Cockerham
Martin Marietta Labs
1450 S. Rolling RA4.
Baltimore, MD 21227
{(301) 247-0700

David B. Cotts

KRI International
Advanced Materials Lab.
19-9 Torishima 6-Chome
Konohana-ku

Osaka 554, Japan

(06) 466-2531

Daniel R. Coulter

Jet Propulsion Laboratory
4800 Oak Grove Drive

M.S. 67/201

Pasadena, CA 91109

(818) 354-3638

William Daly

Department of Chemistry
Louisiana State University
Baton Rouge, LA 70803
(504) 388-3237

John Eichelberger
Pennwalt Corporation

900 First Avenue

P.O0. Box C

King of Prussia, PA 19406
(215) 337-6729

Susan Erner
Lockheed

0/93-50 B/204

3251 Hanover St.
Palo Alto, CA 94304
(415) 424-3131

Shahab Etemad
Bellcore

Room 3X-291

Red Bank, NJ 07701
(201) 758-2942



Warren T. Ford

Dept. of Chemistry
Oklahoma State University
Stillwater, OK 74078
(405) 624-5946

Robert P. Foss

E.I. du Pont de Nemours & Co.
CR&D

Experimental Station E328/215
Wilmington, DE 19898

(302) 695-4367

Anthony Garito

Dept. of Physics
University of Pennsylvania
Philadelphia, PA 19104

Diana J. Gerbi

3M Company

3M Center Bldg. 201-2E-08
St., Paul, MN 55144

(612) 736-2557

Frederick J. Goetz
Pennwalt Corporation

900 First Avenue

P.0. Box C

King of Prussia, PA 19406
(215) 337-67%8

Robert Gulotty
Dow Chemical Co.
CRIMCL Bldg. 1776
Midland, MI 48674
(517) 636-2861

"Dietrich Raarer

Experimentalphysik IV
Postfach 101251

University of Bayreuth
Bayreuth D-8580

Federal Republic of Germany
(0921)55-3240

Michael Hayden
Unisys Corp.

P.0. Box 64525
M.S. UlL1l4

St. Paul, MN 55164
(612) 456-3669

Alan J. Heeger

Polymer Institute
University of California
Santa Barbara, CA 93106
(805) 961-2001

Keith A. Horn

Allied-Signal Co.
Engineered Materials Sector
Box 1087R

Columbia Tpke & Park Ave.
Morristown, NJ 07960

(201) 455-3022

Phelps Johnson
Rohm & Haas
P.0.Box 219
Bristol, PA 19007
{(215) 785-8552

Franceois Kajzar

CEA IRDI D. LETI

Dept. d'Electronique et
d'Instrumentation Nucleaire -CENIS

91191 Gif Sur Yvette Cedex

France

(33)1-69-08-6810

G. Khanarian
Hoechst-Celanese
86 Morris Ave.
Summit, NJ 07901
(201) 522-7918

Peter Leung
3M
St. Paul, MN 55144

Richard Lytel
Lockheed

R-202 D-9720

3251 Hanover St.
Palo Alto, CA 94304
(415) 424-2363




Robert J. McMahon
Dept. of Chemistry 6-427

M.I.TI
Cambridge, MA 021
(617) 253-4546

Michael A. Meador

NASA Lewis Research Center

39

21000 Brookpark Road

M.S. 49-1
Cleveland, OH 441
{216) 433-3228

Gerald Meredith

E.I. du Pont de Nemours & Co.

Experimental Stat
CR&D 356
Wilmington, DE 19
(302) 695-4984

Joann Milliken

36

ion

898

Office of Naval Research

800 N. Quincy St.
Arlington, VA 222
(202) 696-4409

Jovan Moacanin

Jet Propulsion Laboratory

4800 Oak Grove Dr
M.S. 122-123

17

ive

Pasadena, CA 91109

(818) 354-3178

Machiro Nakanishi

Research Inst. for Polymers & Textiles

-1=-1~4 Yatabe-Higashi
Tsukuba 305, Japan

(0298) 54-6310

Piero Nannelli
Pennwalt Corporat
900 First Avenue
P.O. Box C

King of Prussia,
{215) 337-6367

T AT T

ion

PA 19406

-3-

B. K. Navyar

British Telecom

R2121

British Telecom Research Labs.
Martlesham Heath

Suffolk IPS TRE, U.K.

Moris K. Niknam

Chemical Abstracts Service
2540 Olentangy River Rd.
P.0O. Box 3012

Columbus, OH 43210

(614) 421-3600

Raphael Ottenbrite

Dept. of Chemistry

Virginia Commonwealth University
Richmond, VA 23284

(804) 367-1298

Joseph W. Perry

Jet Propulsion Laboratory
4800 Oak Grove Drive

M.S. 67-201

Pasadena, CA 951109

(818) 354-5794

Ian Peterson

GEC Research Ltd.
Hirst Research Center
Wembley, U.K.

Juergen L. W. Pcochlmann
Dept. of the Army, USACECOM
Center for Night Vision

& Electro-Optics
AMSEL-RD-NV-L, Bldg. #317
Fort Belvcir, VA 22060-5677
(703) 664-1432

Pamela Porter
Martin Marietta Labs
1450 S. Rolling Rd.
Baltimore, MD 21227
(301) 247-0700




-4-

Richard S. Potember
JHU/Applied Physics Lab.
Johns Hopkins Rd.
Laurel, MD 20707-6099
{(310) 953-6251

Paras Prasad

Dept. of Chemistry
SUNY at Buffalo

52 Acheson Hall
Buffalo, NY 14214
{(716) 831-3026

Tim Richardson

Oxford University

Dept. of Engineering Science
Parks Road, Oxford 0X1 3PJ
England, U.K.

(0865) 273092

Gareth Roberts

Dept. of Engineering Science
University of Oxford

Parks Road

Oxford, OXI 3PJ

BEngland, U.K.

Guerino Sacripante

Xexrox Research Center of Canada
2660 Speakman Drive
Mississauga, Ontario

Canada LS5K 2L1

{(416) 823-7031

_Maycia L. Schilling
ATE&T Bell Laboratories
600 Mountain Ave.

Rm. 1A-234

Murray Hill, NJ 07974
(201) 582-6434

Paul J. Shannon
dexrcules Inc.

Rt 48 & Hercules Rd.
Wilnington, DE 19894
{202) 995-3854

Y. R. Shen
Physics Dept.

University of California, Berkeley

Berkeley, CA 94720
{415) 602-4856

Kenneth Singer

AT&T Engineering Research Center

P.0O. Box 900
Pricnceton, NJ 08540

Karen Stetyick

Johns Hopkins University
Applied Physics Lab.
Johns Hopkins Road

Bldg. 2, Rm. 252

Laurel, MD 20707

{301) 953-6242

Albert E. Stiegman

Jet Propulision Laboratory
4800 Oak Grove Drive

M.S. 67/201

Pasadena, CA 91109

(818) 354-4857

Shao-Tang Sun

Hercules Inc.

Rt. 48 & Hercules Road
Wilmingtci:, DE 19894
(302) 995-3112

Murial Thakur

AT&T Bell Laboratories
600 Mountain Ave.

Rm. #6C-312

Murray Hill, NJ 07974
(201) 582-2522

John M. Torkelson

Dept. of Chemical Engineering
Northwestern University
Evanston, IL 60208

(312) 491-7449




Lad

Donald R. Ulrich

Air Force Office of
Scientific Research
Bolling AFB

Washington, D.C. 20332
(202) 767-4963

Maria M. Vida

Chemical Abstracts Service
2540 Olentangy River Rd.
Columbus, OH 43210

(614) 421-3600

Jane C. Vogl

Division of Polymer Chemistry
Polytechnic University

333 Jay St.

Brocklyn, NY 11201

(718) 260~-3125

otto Vogl

Herman F. Mark Prof. of Poly. Sci.

Polytechnic University
333 Jay St.

Brooklyn, NY 11201
(718) 260-3180

Bruce D. Webber
Amoco Technology Co.
P.0O. Box 400, F-4
Naperville, IL 60566
(312) 420-4670

James K. Whitesell

Dept. of Chemistry
‘University of Texas at Austin
Austin, TX 78712

(512) 471-1094

C.C. Winter

British Telecom Research Labs
Rt 2333

Martlesham Heath, Ipswich
England, IP5 7RE, U.K.

L o 2 e R

Kenneth Wynne

National Science Foundation
Materials Research

1800 G Street N.W.
Washington, D.C. 20550
(202) 696-4410

Frederick C. Zumsteg

E.I. du Pont de Nemcurs & Co.
Experimental Station

CR&D E356-213

Wilmington, DE 19898

(302) 695-148S5

Accompanying Guests

Mrs. G. Khanarian
Mrs. G. Meredith (Leslie)
Mrs. S. Thakur




<

Ty,

"ORGANIC AND POLYMERIC NONLINEAR OPTICAL MATERIALS"

List of Registrants: Addendum

Jan Bartus

H.F. Mark Dept.
Polytechnic University
333 Jay Street
Brooklyn, NY 11201
(718) 260-3403

Michael A. lLee

Dept. of Physics

Kent State University
Kent, OH 44242

T. Mookherji

Teledyne Brown Engineering
M.S. 52

300 Sparkman Dr.
Huntsville, AL 35807

(205) 532-2875

Peter Palffy-Muhoray
Liquid Crystals Institute
Kent State University
Kent, OH 44242

Wei-Fang Su
Westinghouse R&D
Pittsburgh, PA 15235
(412) 256-2096

Laren Tolbert

Georgia Institute of Technology
School of Chemistry

Atlanta, GA 30332

(404) 894-4043

Eric Van Styland

CREOL

University of Central Florida
12424 Research Parkway

Suite 607

Orland:, FL 32826

(407) 558-6814

May 16 - 19, 1988
Virginia Beach, VA

Francis Wang

Lawrence Livermore National Lab.
L-250, P.0. Box 808

Livermore, CA 94550

(415) 422-7305




"ORGANIC AND POLYMERIC NONLINEAR OPTICAL MATERIALS"

May 16 - 19, 1988
Virginia Beach, VA

List of Registrants: Addendum #2

William Krug

Boeing Electronics High Tech Center
P.0. Box 24969

M.S. 7J-27

Seattle, WA

(206) 865-3033

James Le May

Lawrence Livermore National Lab.
P.0. Box 808

Livermore, CA 94550

(415) 422-7305

Edward Miao

Boeing Electronics High Tech Center
P.0. Box 24969

M.S. 7J-27

Seattle, WA 98124

(206) 865-3027

George Rayfield
University of Oregon
tugene, OR 97403
(503) 382-4100

Nan-Loh Yang

Chemistry Dept.

St. George Campus

CCNY

50 Bay St.

Staten Island, NY 10301
(718) 390-7994

Stanley C. Israel
Dept. of Chemistry
University of Lowell
Lowell, MA 01854
(617) 452-5000




A Topical Workshop
ORGANIC AND POIYMERIC
NONUNERR OPTICAL MATERIALS

sponsored by

The Division of Polymer Chemistry
AMERICAN CHEMICAL SOCIETY

May 16-19, 1988
Virginia Beach, VA

Co-Chairmen
Diana Gerbi Sukant Tripathy

The generous support of the contributors is gratefully ack-
nowledged: Air Force Office of Scientific Research, Office
of Naval Research, Du Pont Company, Hoechst-Celanese
and 3M Company.




MRS et

ps

3:00-9:00 p.m.
6:30-9:30 p.m.

8:15 AM.

8:20-9:10

9:10-10:00

10:00-10:30

10:30-11:20

11:20-12:10

1:30-2:20

2:20-3:10

3:10-3:40

Monday Evening, May 16, 1988

REGISTRATION
WELCOMING RECEPTION

PROGRAM:

Tuesday Morning, May 17, 1988

cor X

~

A.

B.

(@]

X_~Opening Remarks

“An Overview on Nonlinear Optical Polymer Sys-
tems and Devices™ by D.R. Ulrich (Air Force Of-
fice of Scientific Research)

“Nonlinear Optical Effects in Polymeric Films” by
P.N. Prasad (State University of New York at
Buffalo)

Break

. v“ﬁécent Advances in Nonlinear Optical Proper-

ties of Organic and Polymer Systems{ by A.F.
Garito (University of Pennsylvania)

“Conjugated Polymers and Nonlinear Optics" by
S. Etemad (Bell Communications)

Lunch

. Tuesday Afternoon, May 17, 1988

. %isotropy ofthe Third Order Nonlinear Optical

Susceptibility in Conjugated Polymers” by A.J.
Heeger (University of California at Santa Bar-
bara) '

. »-"N'onlinear Optics in Ordered Molecular Sys-

tems/’fby K.D. Singer (AT&T)

Break




reww

3:40-4:30

4:30-5:20

8:30-9:20

9:20-10:10

10:10-10:40

10:40-11:30

10:30-12:20

1:30-2:20

2:20-3:10

3:10-3:40

3:40-4:30

W——_-> ea—p

Nl

—

TN
G,xlSeveral Series of Novel Polydiacetylenes for

Nonlinear Optics;by H. Nakanishi (Research
Institute for Pol rs and Textiles, Japan)

" g

;"R'esonance Effects in Cubic Hyper-
polarisabilities of Conjugated Polymers by F.
Kajzar (CEN Saclay, France) “.

Wednesday Moming, May 18, 1988

%Vonlmear Optical Measurements on Liquid

Crystals and Quasi-Liquid Crystais® by Y.R.
Shen (University of California at Berkelgy)

e

-~
“Nonlinear Optical Effects in-Conjugated Sys-
tems” by D. J. Gerbi (3MCo.)

-
-

-

Break .

. ‘{ptical Nonlinearity: Molecules, Assemblies

and Wave Phenomenafhy G. R. Meredith (E.I.
DuPont Dgf}lemoursand’Co.)

. s “Characterization of Polymeric Nonlinear Opti-
- cal Materials” by G. Khanarian (Hoechst-Cel-

apese)

LUNGH
\

Wedne_sgay Afternoon, May 18, 1988

‘%reparat:on and Characterization of Organo-
Transition Metal Langmuir-Blodgett Film3;by T.
Richardson (University of Oxford, U.K.)

/

#

“Optical Properties of Organized Ass/emblies"
by S.K. Tripathy (University of Lowell)
e

Break

“The Nonlinear Optici of Langmiur-Blodgett

Films” by I. Peterson (GEKRes\earch, Ltd., Great
Britain)

—~~~

onenceiions




e

6:00 p.m.

8:00 p.m.

8:30-9:20

9:20-10:10

10:10-10:40

10:40-11:30

11:30-12:20

12:20

Wednesday Evening, May 18, 1988

POSTER SESSION
Wine & Cheese

BANQUET

\Thunday Morning, May 19, 1988

P. “Advancesin Organic Electro-Optic Devices*“by
R.S. Lytel (Lockheed Research and Develop-
ment)

Q. “Drganic Nonlinear Optical Devices and Mater-
ial Considerations”by B.K. Nayar (British Tele-
com Research Laboratories, U.K.)

Break

R. “Towards Nonlinear Optical Applicétiéns of
Polydiacetylenes™” by M. Thakur (AT&T) - -

S. "fligh Resolution Laser Spectrqscbpy in Poly-
mers*-by D. Haarer (Universitat .Bayreuth,
West Germany) :

“Closing Remarks” byK.J. Wynne(Office of Navai
Research)

LB BE 20 BN BN BN R B NE NN B 2R 2R 20 BN IR 2N BN X BN BN BE BN 2R B N NN BN AN J

~ /o

———



GgE I PN EED GEN SR e

A-1

D. R. Ulrich
Air Force Office of Scientific Research

AN OVERVIEW ON NONLINEAR OPTICAL
POLYMER SYSTEMS AND DEVICES

Accession For

| NTIS GRAXI g
DTIC TAB

Unannounced ]

Justification _ |

By
Di»stri_bution/ )
Avallabtlity Codes
T avall and/or

Dist Special "

PV




A-2

NLO Response in Polymers
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Comparison of Optical Switching
Technologies
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Status NLO Polymer Classes

Class Examples NLO Function
1SO Tropic Glasses X®, X
Alloys
Comgposites
Bona Alternation Ladder Polymers X
PTL, POL
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Second Order Polymers for
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FUNCTIONALIZATION OF POLY(p-HYDROXY-

STYRENE) WITH NLO CHROMOPHORES
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Implications of y(HOMO)?
Delocalization Experiments For
NLO Polymen Synthesis
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NONLINEAR OPTIGAL AND m
PHOTOCHROMIC POLYMERS
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SENSOR PROTECTION DARPA
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FOCUS IS ON CONCEPTS WHICH CAN:

o PROTVECT AGAINST RAPIOLY TUNABLE, PULSED.
VISIBLE AND NEAR IN LASER THREATS TO MIGH
GAIN OPTICAL SYSTEMS

o 1SEFUL FOR RANGEFINDERS, VISUAL
SENSORS, CAMERAS, AND MOST
IMPORTANTLY, THE EYE

Third Order Polymers for
Optical Devices

® Planar Structure With Extenced 1r Orditais

M = Metai Atom

© Shift in Focus From Conjugated Off-Resonance
to § on R with N Mok
Extinotion Coetticients
© High Acttvity Throwgh Saturssie Abserptien
= Eftective N, Fouaie AlGaAs MQW Structurse
© Exoolient Secendary Properties
~ 38in Costadie For Thin Fliim Structure
Appilcations
Optical Bistability
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N// IN J/—?
—.] NI—/\,
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» Large NLO response discovered by A. Garito

¢ Numerous variants synthesized to tailor
- NLO activity
- Fabrication properties



Basic Structure of an Optical Neural Network

./

Qptically implemented
Input Plane P v implem
Interconnections
of Neurons of Neurons
Wii)'s
N, XD 's W e w2

Angular Dependence of Reflected X'* for
Oriented Trans-Polyacetylene by Third
Harmonic Generation

1.0
o8t y
I ]
o6}t p
Pw) - 4
0.4} A
[ %38 4
o .. aad al ala ool
] 50 100 150 200
€ (dogrees)

Qutput Plane

T ————— - = -

SF A NELRL | ITWCRK

RYIIY

D AfRAY

~ASK

= ”':F—'

ECTRONIC #7I28ACK

MEESTMIER STEASY - FTAYN OPYICAL SISTAMILITY CIMPABMLE TO Gass (B
TAMY - FERSR TEalSw 7 1eeal PRLTNER fia

““-mm_"wu
yrertmss

Third Order Response in
Polyacetylene
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Third Order NLO Response of
Ordered Polymers

© Collinear Rigid Rod

Teonof

Polybensebisthiszels (POT)

© Plener Rigid Rod
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COMPAMSON
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Genesation
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Weve Mhing

(OFwWin
i PBO ~ D

% Four — X® =28 x 19— osu

Wave Mining _

© Requirement for Fllm Quaiity ~ Avold inherently Grain or Fibrowe
Camponents Which Scatter Light

Nonresonant Third
Order Susceptibility X3 in
Blaxial PBT

© Degenerate Four Weve Mixing

Polar Plot
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oA » M tor O vA
Biretringent Film Appiications
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Degenerate Four Wave Mixing
of Blaxial PBT
Ordered Polymer Films
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X® Polymers for Fibers

« X™ ynits have modest activily but very
low absorption _

« Polymer backbone conters secondary properties
- Spinability .

« Shear and elongational flow yield alignment




X® Materials

Thin Limit

Properties

« Near reasonance

* High n,

s High absorption (a)

Material

¢ Phthaiocyanines
Application

¢ Etalons

¢ All optical SLM's
Advantages

¢ Fabrication ease

* Room temperature operalion
« Potentially highest n, materials
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POLYALKYLTHIOPHENE
Thick Limit
Properties

* Non resonant

* Lower n,

* Very low absorption

Material

« Side chain polymer

Appilication

e NLO fibers

* Ail optical switching

Advantages

¢ Fiber spinning ease

¢ Potentially highest
n,/a materials
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ADVANCED PULYMER BLENDS AND OPTICS

NLO POLYNERS

SECOND OMDER MO.gM2)  LARORRER MO Al

HONOPOL YRERS
1soieoriIC 0 BOND ALTLRNATION
POLED 0 LADDLR
oRlENILD 0 ORDERED

POLYMER - POLYRER INIERACTIONS
BLENDS - ALLOYS
NOLECULAR CONPOSIIES

SELE - 1NDUCED 1] NEAR-OF F RESONANCE
roLARIZAIION
SELF-0RCANIZING Q PLANAR

LePROVENERIS IR CALCULATION OF MIO SINGLE -MOLECULE PROPERIIES

PARALLEL COMPUTING

ARSORP T ION L INEWIDIHS

MOU{CULAR CONIORMALIONS AND DLELCHS

DEVELOPHENT OF ALTERNATIVE MUVHODOIOGILS. SUCH AS FINLIE 1001D AFPROACIN

STALISTICAL AVERAGING OF ORI(NIAIION (FROZEN GAS mOO(I)

SIANESTICAL AVERAGING OF CHAIN LENGINS

FREECTS OF IMIERMOITCULAR [NIERACTIONS OF SINGIE MOLECUIE MO PROPLRII(S

EFFECTS OF INITRNOIICULAR INTCRACTIONS ON MOTECULAR CONTORMATION AND S1RNNC | 1mY

EFSECE OF INTERMOVECULAR [INTERACTIONS ON MATERTAL Y TRASTRUCIURE

THE KEY: INTERMOLECULAR INTERACTIONS!
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Status of Understanding for
Polymer Design

Detalied Mechaniomis) of N Ag n
Datecaitzed Electran Potymers eve 7ot 1o B aeimed

© Nonlinear ol Ac Not
e Oplicsi Activity May Not Be Shmply Related
P Conwibutions of D O
Terms)

to NLO (3-0 Croas-

¢ Role of Electron-Phonon interactions

© A Quaiitative Correlation Between X**
Oelocaiization Length * X' an¢ Etactron

o EHect of Doping snd ).
Neoeds to Be Clarified

[ w:ﬂﬁ. 3'0::' e Predict mecromolecuiss
L ) ota) and Thisy Order
- ) & (Gamme)

Charge Tranet

Waveguide Devices

Stad (1) Guice
Moduiator
|
Muitilayer 110}
Guide Moduiator
|
d Waveguide (Pattem

|
Qptical Coupling  (Coupiing/l.oss)
to 2d wTvqum

o88)
o

Channet (Strigy
Mesulater
Portagie X®
Mosuistion
Meoh
Zehnger Coupter [
Meduiater Weveguide SH
Qensrater
AN Optieal l
Swiweh
Olote Laser
SH Generater
Qotiesi
Muitiplexer
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State-of-Art X(2) Devices

® Traveling-Wave Elecirode Mach-Zetndur Electraoptic Moduletor

LINSO, Polymer
Modul Mad
Swilching Voltege (V) 2 t/i2-1012 13
10.7 With Highee XD
Power Requirement (W) 0.6-5§ 0.03
Maximum
Fregqueacy (GHz) 8-24 >80
— No E d Vel i [ Higher Fraquency

are Possible With Poly
@ Electrooptic Sragg Coll

— High Speed Redar Siynal Processing
— 20 GHZ as & Target

Py vy e O3 4

- moh'imm Ooubling of s Diode Laser

Polymeric Electrooptic Modulator

input Output
Laser Beam / Signal
Y, Second /

NLO Analyzer
Active
Flim
-« <
Substrate
Elecirode f_'.';:'c"“""

@ TE Polarization
— T Polarization




Traveling-Wave Waveguide

€-O Modulstor
LtigM in Light Out
o) —)

v L]

© Voitage Varies Along the Length
(Lt Z A Electrica)
® imp Device P
— Voltage — Speed
- Optical Mode Size — Length
— Drive Power — Impedance

Mach-Zehnder All Optical

Modulator
Substrate
Single Meduleting
cm-:fm Beem Fitter
i h
Lases
—— |
———ce————
N /— -
Module
Beem e

State-of-Art X3 Devices

® For Loss Progrees Than X
© Large Payel! In Multiplexing snd Demuitipiexing

— Migh Speed
— Handle Many inputs
— Very High X
® Con Lood ta
— AN Op Intert and Op [
— Optical Bisisbiiity end Digital Optical Information
Optically
- induced Dy ic Grating snd ReelTime
Malography
© Oovice Port o " Propertise |
Complicated Way o " ne
— Dotermined by Device Aschitechure

— ParsileliAnsiog Processing of 2D image
— Phese Conjugaie Optics and imege Processing
~ SeM F gDl 9 Appl

PTCAL SSTARUTY & 4
SONBEAR Y wes

FASRSTR0T TALD)

QUTAUT FOMER ( a1y units)

B

INPUT POWER ( ™w/c)
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eone Gien or XS
e 3

OPTICAL STASETY M A

NONDEAR POLYNER
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Summary
Second Order
® Poled Polymer Flims
- (E:llou to : e '_., LM ol_‘ P tor

@ Flist Polymers Comparable to Lithium Nicbate Reported
@ Focus for R h 1o Achi Opth EN U
Modulstion

4

— X® pgratiel to Film Surtace

Thied Order
© Nonlinearities of 10— ssu Larq'o for Nonwesonancs but
SUN Needs 1o be Larger (=10—" esu) lor Broad Device
Application

© State-ol-Art of 10—° esu Wi Find Applications in
g:‘ugc W.ve Quide Do!it".‘n Such as Optical Switches

© Thin Fiim Applications Such as Etalons Unilhely Uniess
Signilicent Advances in Larger Nontinearities, Opticsl
Fistness snd Optical Clarity
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P. N. Prasad
State University of New York at Buffalo

NONLINEAR OPTICAL EFFECTS
IN POLYMERIC FILMS
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MICROSCOPIC THEORY

oF
OPTICAL MOMLINEARITY

b I
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SOME CONCLUSIONS CF THEQRETICAL STUDIES OF
“CROSCCPIC NCNUNEARITY

THE CHOICE OF BASIS. PARTICULARLY THE iNCLUSION OF DIFFUSE
POLARIZATION FUNCTIONS. 1S (MPORTANT IN DESCRIBING THE
HYPERPOLARIZABILITIES OF CONJUGATED SMA_L MOLECWLES.

. 7 IS ANISOTROMC . WITH THE COMPONENT ‘Y ALONG CHANN

2222
GROWING RAPIOLY FOR THE CONJUGATED HYOROCARBONS SERKES
POLYENES . POLYYNES AND CUMULENES AS THE CH;N LENGTH GROWS .
.2

FOR POLYENES. CHAIN LENGTH CEPENDENCE OF N S rounc.5

5 3
FREE ELECTRON MODEL ANO HUCKEL “ODEL PREDICT N ANO N
RESPECTIVELY .

THE CORRESPONDING ORBITAL ANALYSIS SHOWS THAT THE SIGMA AND
T “ELECTRON CONTRIBUTIONS TO Y ARE OF OPPOSITE SIGNS .

CONTOUR MAP OF TMRD DERIVATIVE OF CHARGE DENSITY wiTH
RESPECT YO FIELD (REGIONAL CONTRIBUTION ANALYSIS OF Y )
CONODUCTED FOR POLYYNES . INDICATES THAT THE NONLINEAR
ELECTRONIC DISTORTION IS A CO-OPERATIVE EFFECT wiTH A
SUBSTANTIAL CHARGE TRANSFER ALONG THE ENTIRE _ENGTH OF TWE
CHAIN .

OUR SCF CALCULATION RESWLTS FOR Of COMPARE WwELL WITH THOSE
OF THE SOS METHOD. BUT Y VALUES DO NOT AGREE.

IN THE SERES RY - CEC - R2. THE LONGITUOINAL COMPONENT

Y INCREASES AS THE ELECTRON WITHORAWS GROUPS AT R!
2222

OR RQ ARE SUBSTITUTED.

A COMPARISON OF Y FOR CIS-BUTADIENE . TRANS -SUTADIENE ANO
THIOPHENE REVEALS THE FOLLOWING ORODER:

TRANS -SUTADIENE? THIOPHENE) CIS -BUTADIENE

THIDPHENE I.i5CMERS
JEOELT N7 JTSENMDERTT
T

i
]

Z.
~N

BAND 6P “E X
. |
! \\ »l:
LN |
20t “ /
l
I ui ] 3 . 3 .
i
. 2 ] . s )
*
o000 !
: 4 ' v ! j
y A
( o 1
»- / 1000
| ; ,
-




————

B-5

Tenaar ~ coerrc

JEPENDENCE OF Y ANC Y D% NMBER OF QCPEAT UNTS Wi

iz 7 X

N Y
cxov o0 <> e romeypc - 4 C DoEErE
2R ag-serc i wITEE T <
CALCLLATION rom a ¢ 3-8 FIRY I 3.2 e smem tpe, VTS
N POLTENES v A U
FEES 1LECTRON nODL. [ - R : Doy ¥
088 wopt, [+ 4 212 Y
R
<a> <r>
24 1 3&
A8 -0 2 1 2 em 70
IALSAATION
2¢ -1
Pt VAL 98¢ :C 3 wva
pie-B-0i- « L4
<>
A8 -4TIO CALORATION FIR] 10-!!
Y Ak - VOAE:
MECHANISMS OF FDILJR WAVE MIXING
ELECTI%ONIC MOLECULAR CHARGE
% - CARRIERS
RESONANT NON-RESONANT RESOMANT NON-RESONANT >10° lzsec
EXCITED STATE n-noonzl VIBPATIONAL ORIENTATIONAL SEMICONDUCTORS
PHOTOCOMDUCTORS
EXCITED STATE  npax'3) CARS, CSRS 13
DYNANICS
<10"325ec -10325ec  >107125ec
210" 125ec CONJUGATED LIQUID CRYSTALS
o-ELECTROK
LINEAR POLYMERS
TNERIHAL
ULTRASONIC PHONON THERMAL
MODULATION GRATING
:lo‘gsec :lo‘ssec




B-6

IV

8197 L e0ns oy

” )O—a

il 238045

e Rt LI B ¢

Curre

ANE T

Ly

T

RrS LIRS e

SAEET e

e
e

44 3H
SONIOETI (3TN

RITVHCS

SLRETH yIm

INIXIR 3ae ioos

TN

NG IENNE I VI COCETED B ¢

[y
£
[ (U iy

AR
Al
CRIMELTY
INIIYLAT

(3471g ayt

SINISYACO TV LS

ThHA
IWIWLLAY

ELM AT

IM3L5A3

Tny wot
€0 MOTLINNA ¥ 3 5% 11074 w04

06

AYL0¥ Wi g

IN3GKI 31¥9 43y
NOILYYIN3) JINOKYYH Qo]
NOWSYTd 30V JnS
L0¥3d K48V HYINT- NOW
JN9IAVM WOIL0
SNIKW 3AVA 001 3LVIN3030 NODIS0LK3S
10390 SHIONND3L
INHTNYENT JONWNOS3Y TYNOLL YoBIA
INIONVENT JONVNOS3Y NN 10313
193343 6734 Wo01
(2) X300 40 W
o B

HINIL VY A0
< 0 Ao

ML 306
X 0 Iikow

*SUILIVAVE INVAT T
X {0 SINMIINSY
(€

©




MNORA L AR O Cal. CFFCCTS

1~

COPNSSATED  On_vY™CRe

- T

SO O e T | OrAL.  DEFCCTE
(BONa A)terngt:on)

RESONANT CASE:

A NOW PHENONGENON

Charge on Polymer
Backbone can be
varieg 0 &8
Controlled way -~

Tune ¥

Photoincsucea
€olitons ang
Bioolarons creste
Mid Gap States

Redistribution of
Oscillator Strength

Laree xXF witn
Fast Response

Chamical or Electrochemical Switching
of 53! Between Hign and Low States

IN-~-8 )TV ELECTRC GHMEMICAL & TULODY or

(I 1IN POLYTHICPHENE
nEDLUCED C-POX I DIZED €~ REDUCED
romm Fomm rOmM
Linear Apsorption
ndl R g L A
I/HA ]
0.5 4 ] )
e d
(]
s o .:.o ol L4
1
47 ‘
(3 :
|
< [}
4
P S vy -d
o ]
[ ]
1 [}
]
9 ]
(]
L [ ]
1 E/v
1 (2]
o"“ 44&.* J A 404 A A

=v Curve

SWIATKIENICZ, JANISZENSKA AD PRASAD

.o

Dt wig

6

ARSORBANCE

Ciam’)

‘S

[RCZIRITIE

/ 750~

Ar KONE .

POLYALKT. THMIOPENE - B FiuMs
CONE  DOPING

- — ey




PICASIIONS TIME-RESILVED COHERENT
RAAN SCATTERING

(6 }}

z

’_—-‘

cars

EXPERIPENTAL
ARRRNGEMENT

POLY - 4Bcus (Low boL wT), 62

CROSSCORR.
[ 4
: S4ps
Ped
* ] ) | | A Al
. a 8 a5 .
.'.
;. POLY -4BCIU CARS 42 K
!
'
T
HE
L ¥ & S N
\e b
*30-20 40 O 10.30 30 ‘sI‘I‘UEV-TIu‘ITr'
o’ n




B-9

he + e
CHCHA—t 1

SUAFACD MLASRON
v SOLLD WONOLAYCR
AN <DL ODELT Frmd OF o

“QUD SRVETACLAE POR TR

£.LCTRO OPTIC MODAATION & Tol
CEC WAL,

DTICA. SwTOMG and OPTICAL
nyTa T

Fage -8£Q0T CTALOS

BOTH ABEOSPTNVE MO ORPTRUVC

REFLECTIVITY

R’V

0.0

0.9000

-0.060  -0.0400

A - waAVE GO WNCAL BRTABLITY e
WTERFEROML I3 = Glese Prion
n
wAVEGUOL o R vealid X Tndan Meshy Fied
f v Glam Side
;:-:x:':é-sc."' Myler spacer ——o RN Ay
T sTnenT cones TT0gten” (vasaL—(c"sev,

wOLLOw FBERS FALLD
wiT O, AR
mATERALS

FagENCY SLCTIRM Lulig N
wavEOUDE SSOPAGATON

LN SCATTINGG . JAme AMD
A TON

|
|
1 | R ‘
| "
\ 7/
. l(
t/
4
L) T T
N 0 w0 u3. 10 43.%0

HNGLE

)
u3.90

N . (NFENTER AE P. N. S

4 FYY
Y L L
—— et
e TER ACTION waviGUDE
.-
.4 o
. As6Cc
- - -
402
g«
.. LT

I LI LA L L A ] Swremd
e}

sOWER DEPENCEN "

o cous mo EFFICIENG®

e

are
‘

foat

T

aen

Ak |

[ T
.

(%)

86 o8 i 38 36 B8 BE A8 dwrend
e



(LA AR ]

TNANCTENT F .\‘"

r——st— A —— ol
[ s— LTl o i
o . [EX PP 1A) 30 E MELD SXTENSVE T o LLECTRON OCLOCALZATION
posr ) ) SNG GAP RENCEIT. PRORLLY WTH NOMRESORANT veOV
‘ - OGRS | L T yeyeyr—~—] “-‘—I L SROBLEN WTH DSTREBUTION OF COMAKIATION LENGTW
— -
E\—'E i 4 BROAD OSTRBUTION OF 8AND GAPS.
i

“loemmid T3

1 ) . (@) 30 VE NEID A M08 MOLECIAR wEIONT POLTWER™
(= e o
L "

} - PIT Scan PP Aeiont .
. pe

CINVATIZE wiTe NG ALET. SHA REDUCTS PACIING 2ENSITY
e - MWOMLEY VTH DSTRBUTION OF TOLECAAR WEIGHT
TG Zwermenia selu> w T apsemalon oF oohem HEaaDiilr. .
ATRACTVE MOLT MOMOGENEITE S
Q C 0 W0 L2 JT LLEITRONSY

I -
-t F - T ved _ymiimig, SEIME -
i : YISm0y . S\ T T IS
3 ! | s e /u-—/ ﬁ P R I
3 - N A EFEY i
3 i - s 3 g rranii ™
-~ [ e
i (2 o D ST RSN
Lgi IR R TN
i i E TCOMTCA STLOCS -
: I = Ed [T O §v5TTua
L 1 | = AWROSCOPC NOMLNLARTES EFFE=g NEMVATIEY §TRUCTLACS
s . -
3 ! s | 2 PTCAL QUAUTY uTEmALS
k3 t
¥ 5 O SR 3 T X% X POCISIARL maTCMLS
hd \ STRUCTURAL CONTRO, . DWRACTIRIZATION A0 RATIRIALS PROCISSNG 20 2
TIME (ns) INPUT DOWER ( ™w/cpi ) OFTCA, .3SS STSTL=S

I XVICT MYSICS AND XEVICE STRUCTURES

32 g ~ ANC OUTRU™ ALEES EXPTOPENTS MTh CHANMELED eAvIGUDES CTALONS. FBERS
RIGHT (NRST=QUTPUT CMARACTIRISTICS

AC K MOWLEDOTLRLEMENT

! BN, . SWIATK I EwIGE on., O.N RAD
DR, ®. SLAXvrex OR. &.%. 6 e
OR. 6. GrOBmaL oM. . s Eacm
DR, ~.8. ~NALwWe oM. L. wAN SEEwWESA
“a. ». ooena LRI PR WO
R .. SARLAOE ., V. Pasreh
e, 8. Groaa. -l oW, ARECATER
"R, J. BIEQaLEex) Lo o N W - )
Lo R P S W VA ) "R, m. QASATEVENMS
. W, ZAwAOe . LT, DA

OR. DOMALD . LARIGH (AFSES)

arm TORGE O« ax
o
B ~TIF 1S ACBEARC




T — —y—————

C-1

A. F. Garito
University of Pennsyivania

RECENT ADVANCES IN NONLINEAR
OPTICAL PROPERTIES OF ORGANIC

AND POLYMER SYSTEMS




RECENT ADVANCES IN NONLINEAR OPTICAL PROPERTIES
OF ORGANIC AND POLYMER SYSTEMS

A.F. Garito
Department of Physics
University of Pennsyivania
Philadelphia, PA 19104-6396

ELECTRONCORRELXTED STATES: ORIGIN OF THRD ORDER NONLINEAR
OPTICAL SUSCEPTIBILITY OF CONJUGATED LINEAR CHAINS




SNIVHI OILaNOVW O o
nsMhz-e |5
8 m
fe te It b
' g8 FIH . 2
_ oMa) o oy3aN3Isiad |9
SMQS o w )
$31V1S NOLOHd 2 o $21vis nosond 2« [ PN m.
19-—-°0°1°C°S ¢ |NOUVIIAOD NOWLIFTI @ m
SNOY1I313 3INIWA TIWe | tullygn, 2521330 e >
m.aw ob-u\o_o— —__JN---N + oNVEEenN SNOLIdX3e]| [N
? laa f o sNo¥12313 | |»
{ sl 2% sling o 2z n ¥ LN3ION3dIONIe]| |2
c . L ] L) ’: O’.e o
ION-ON -41S oNeodj2+0De 3 |2

b—olo.o—: TH v

TININM : ONIONIS LHOIL
Is.'s -
v e gty —

-
NOILYL1NINO)D




'S8 SAHd WIND T'NILINHIS ONV NVAVLI NONJ

(9661) 2099

(12Q) SNOILVMNOIINOD
03119X3 A7I8N0OOG 1Sv3 LV 40

NOISNTIONI HLIM ONIN3ANO 34ViS LJ3IWHOD
NIV180 $1300N OMVYBONH OGNV ddd @

31viS "@l G3IMOTIV ATTIVIIL4O LSHId
MO138 $1SIX3 31viS Bv;2 NOLOHd OML ®

SNOILVIINYOD NONLI3T3
AS Q3LVYNINOQ S31VLS NOMLID3NI -4/ ©

P N T

$3SS3004d ANVNOS3Y
ONV NOILVI3HY0D NO¥1D3N3




[

NOILVI3NN0D NO¥12373
-31vis a3110x3 By 2 oNik1-mOT e

NG, :31V1S NOLOHd | LNVNINOQ @

(susniieioldo) 1O

vL e 162 tee €9¢ i P T T a
06¢ e¥E LO¥P 20¢ ol
0 —
o Si'y 186C IvYEP OFY 8-
Oﬂ' n°l°~°' "' na.' 0 N...N - 8..0 cl'e "C.N .
Ic°'s (0-0)v8  42S I6C v 00 eed’ u,." —
..mum..h. 3 I dum OON 100 000 81 — ”,..n
| | | .
TOLA (A9) "g,1 e %09 998 =— &g
: 000 100 v —— "8
HLONI) MIVHD :S3IOMINTG NOLLVAIIXI TVIILUIA 000 . 000 ot —— o
000 it 0g2 T s
(01" (a¥ert KOUIN3 auLarms
10 40 S31ViS JINO¥LD3T3
gt st NN vty pentod

1




C-6

............................................................................ 00

o0om

000t

000¢

000¢

................................ D R T LLOLITTTSTTR LT TRRPPRYPRRR: I 1 ]

oot

00

00y

000¢-

000L-

nee Ol (0" 72+ iy,

‘m...Ou ("’"’-1.’ III'.L

§3553708d HIOHO CUIHYL
NI IWDILIND S31ViS By, NOLOHd 2 e

31viS "8, LNVNINOG HLIM
WU Jc3oMvT HLIM BSUML :S31vis Pve
6 '8, +-0v, "9, +-B:SNOILNAILNOD ATNO o

]

N8 o Ol X E s(M'Mmimg-) A
(Y/A® S90:M) 90 ( )

- —::._mA ®

nseg . OIX G Gl:(m'm'mimg

Y, 1

(02 s1y --15- by, 2

oL {23 q - "ayt

tzen oL ~T== By

@™ (A9) AM1IWNAS
ASYIN]

SNIVHD Q3L1VONCNOD HVINIT ¥O4
(m'm'mimg-) A 40 NIOIHO DIdOISOUIIN




W

C-7

DC INDUCED SECOND HARMONIC GENERATION AND 7g

ww&w»

Yy (-2uruhure oy (2 % * 3 .q CYag * Vi ¥ Vi

“, Ve F2waw,e) g4’

) ]

+L E £ B, (-2wiww)

Sk

@ SECOND ORDER CONTRIBUTION Bx VANISHES BY

%
7, (THEORY)
BUTADIENE (N24) 3.6

HEXATRIENE (Ns@)  13.9
(60%t -40%¢) (12.9)

©® CALCULATED 7, AGREES WITH
THE MAGNITUDE AND SIGN

SYMMETRY

VALUES (IN UNIT OF 1036 a3u) AT 1.787 ¢Y"

Y, (EXPERIMENT)

345202

n3 2108

EXPERIMENT BOTH FOR




| A 0L NOILNBIYINOD 3AILISOd @ A 04 NOILNBIHINOD JAILVO3IN o

: JAILISOd S JAILVOIN SI
HOLVYNIWON3Q NI Wwy3L (mz-Fum) e HOLVNINONIA NI Wy3L (mz -P0m) e
JAILISOd S) HOLVHIWON @ JAILISOd SI HOLVHIWAN @
31vis Byay3ddn 4735141 3LVLS GNNOW9
JHL S 2w 31VIS ILVIGINYILNI e ML SI 2w IIVIS IJIVIOINHILINI @
0 2
. |
S " ey
o<. 9 ||I|L.|m.1&|i. 04. Q —————————

SNYIL ONILNBIYINOD 40 S3dAL INVLIHOdWI OML e

Wm) fwlu'lw

£ W (ommimg ) M
4

(g - 5 Wm ) (mz T )(m -8

oo

(O wy ¢twy hywy Gw) bfwyw) Y 6)

(mM'm'm'mg-) A 40 NI9IHO OINOYLIIII JIdOISOUIIN




] N

“OTOY w 139wV

L] -. . .

S ¢t NOILVUYaIS Fouvwd ! Vi e (O W U

G H1ONIY
NIVHD 3VILN3 ESONIY SUNDI0 NOILVIIWNOD @

1w (1) sf 9-oM) e

10
)
(02 ci'y —- H oq.u
L t{ B IM N
zen s ~¥--- Wy
@*d (A9 ANLIVAS
ASNIND




(N) S311S

02 ol G Z
T LB 7 A L 1Y
o] m .
01
- ”?
- o
u »
3 T
A0 W
(0]0]] €
.
. 1
v ] t
(3] 3 —
40001 -
o
. o
- o
- )
- w
3 £
NiHo) 10000

.MC@_ S311S OC o

nse OnO_ X :SNIVHD H3NATOd @

~(€)

SMY31L 34ViS Q3ILNDX3
ONILNBINANOD 40 HIBWNN GISYIHONI e

SI1NINOW NOILISNVHL GQ3ISVIHONI e
A9H3INI NOILVLIOX3 Q3SVIHI3IQ o

'Oz » lll-k

JINIANIJIA MV HIMOJ :LINIT NIVHD 31INid e

L)

$311S 40
¥3IBWNN NO (mmmme_ )AL 40 IJONIANILIA




(N) s311s .

0eZ ol G
L S

000I- 1908 40 ¢6 OL QINVINOD
SY 6€ S| LNINOIX3 MV MIMOd (7S @

SH19NIT
NIVHD 1V 804 "L 404 NOIS IAILVOIN ©

0l-
o0 194s w4

O1 TVJIILIN3IGI ISIMYIHLIO *ATINO 10S @

c-11

L 1lllll|‘ 11 ||“"| L1 traigd N
Q
T8
T
(nsa ._01) MXXL

2
i

12sS
NHD)

ol

1o~
NOILY T34H0D
NOY 123173 40 NOILJINOS3A 3137dWOINI




636S300Hd Ha3VaU voinas

NI TvDILIMD S31vis Bv, NOLOHd 2 @
_ 31vis "8, LNVNINOQ HLIM .
WU 15394V HLIM 3ISOHL :SILVIS "V, @
, b «"g,«-Pv,+-"8,+-0:SNOILNAINLNOD ATNO ®
[ ™m ) .sA
neeg - _OI1Y QIs(Mm ‘m¢-
1z (1} {0 o.”,._ >0M-.*~u " e0 LO 90 ($/A*€90.M) o 11111
FM ) TR N 1 N N 0001- a.oonuo.-ss-;}.}:snc. A o
0 08-
m m 009- (10-91%) INPVYMLIDAVIOO -0
: : w
oov- & — —
o m R ——/ o/
g v ¥ =/ =
L : oo &
w M 00z =
: ooy W
00s
008 wa i v
: ! 2 ity —q- LN
oo
- tozn to2 - Sy,
10-¢ 01 (A% ADWINI TR T
S3INIAN0 - S1D
o4 (mm'mme_)A 40 NIDINO DId0ISOYIIW
W
-  e— A, e - — — resieay ~—




(N) s3lrs

add

02 (o] < .
I TV v VvV—r—T1T7 7 AOO
do1
i
- B
3 T
%) 3 o
- Hoor ¢
(3]
J
o I ] ~
. o
n 0
3 a
Joo0l o
»
[
J S
-d
MHo) -5 w
—40000I
—— o P

SNY¥3L 31vaS a3110x3
ONILNBIYANOD 40 MIGNNN QGISYININI o

SANINON NOILISNVYYHL QGIASVIHINI e
ADY3INI NOILVLIOXI (G3SVIHI3Q e

F’z - -=lk

3IN3ANI4I0 MV HIMOd : LINIT NIVHD 3LINId e

S$311S 40
43IGWNNN NO (mmmme ) A 30 IONIAN3IL30




SNOILYNYNOINOD
FUoi; NV §10 ¥O4 3INVS 3HL
v ATIVIANISSI NOILNGINISIOIY IOUVHO e

By, 9",
0z¢ -o(.o.ao..i qo2te ' o
Bv,9°"a,! J
ae2 =90
L3
o,
SWYYHOVIQ XINLIVR ALISN3Q NOILISNVYL




(N) s311S

02 ol s €.
L — T rrvr T v 1 \ 150
ol
‘
E
N
[’ J
oor £
1) m
L
2 =
(&) o
]
o
oool B
2
"(Ho) -3
00001
Attt s S0 _—

SNMIL 3I1VviS a3L1IX3
ONILNBINANOD 40 NIGNNN QISVIYINI o

SLNINON NOILISNYYHL Q3ISYIHINI o
ADN3IN3 NOILVLIOXI Q3SV3IHI3IQ e

F'z » -l-k

JON3ANIEIA MYT HIMOC : 1INIT NIVHD 3JlINI @

S3LIS 40
43IGNNN NO (mmmimg_)A 40 3ON3ON343d




C-16

Aﬁv H19N3
02 (o]] 1] 3
T L S L B B | 160
- ]
(o] ]
nt
”
»”
»
N
(efo]} (1
3
o M\
o
0001
[}
®
-] g
8 o u -
syDJ) O ]
"Ho) 3
00001

NOILYWYOINOD NVHL HIONIT NIVHD
01 3JAILISNIS 3IHOW HINM (memimg-) “*"U @

NOI1D3¥IA - X
NI HI9N3IT NI 3DN3M3IJI0 AG HO4
GILNNOIIV St (M'm'mme-) "™ A M SUNI¥IIN0

S31iS 40 HIANNN 3INYS JO SuUDI} HOJ LVHIL

NVHL W3TIVNS S 83 wod (mm'mime) "L

gy ® A LM NIVHD 3LINIS @

. H19N3
NIVHD NO (mmmme ) L 40 IJINIONILIQ




C-17

ELECTRON CORRELATED STATES: ORIGIN OF SECOND ORDER NONUNEAR
OPTICAL SUSCEPTIBILITY OF CONJUGATED CYCLIC CHAINS
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ANISOTROPY OF THE THIRD ORDER
NONLINEAR OPTICAL SUSCEPTIBILITY
IN CONJUGATED POLYMERS
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NONLINEAR OPTICS IN
ORDERED MOLECULAR SYSTEMS

K.D. SINGER and M.G. KUZYK
AT&T Cigineering Research Center, Princeton, NJ

R.B. COMIZZOLI

D.L. FISH

W.R. HOLLAND

H.E. KATZ

L.A. KING

OUTLINE

o NONLINEAR OPTICS IN MOLECULAR ENSEMBLES

¢ FILMS POLED UNDER UNIAXIAL STRESS

« NEW POLYMERS

M.L. SCHILLING

J.E. SOHN

MATERIALS

CORONA POLING

NONLINEAR OPTICAL PROPERTIES
MOLECULAR ORIENTATION DISTRIBUTION

MOLECULAR MATERIALS

« MACROSCOPIC POLARIZATION
Pi(r) = x{V+x{M0E (e)+ xR (E (VEL() + xS U(OE (OE()E () + - - -

¢ MICROSCOPIC POLARIZATION
2re) = wi® +ay(e)F 1 (0)+ Bur()F {OF () +Yixr (OF ,(OF()F () + - - -

o VAN DER WAALS MATERIALS

Pt = 2<prlt)>,




MATERIAL CLASSES
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MOLECULES FIXED IN LATTICE
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1.J,K.L..1=1

« THERMODYNAMIC ENSEMBLE

x‘;}l = ‘V<§;JKL...>ukl.,.

EULER ANGLES
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SYMMETRY CLASSES

¢! componenss {07 oISt gTOUP Fmm

. 2 3
] 0 ot
: 9 2 i
309 0 uR
FEED T
LT I 9
5 ) pj )

" components {or point group = mmm

ey

DISTRIBUTION FUNCTION
(-1
G = A§° 2

4P (cose)

LEGENDRE POLYNOMIALS

T
AR
'™ ¢ [ ]
af !
4 b
« |

»"

)

" ast
[X] \F ] 8

8 48 A

. M 3 4 $ 5
ol ol el 0 0 0
Toah e wh 3 0 J "
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PR 2 3 2 b 3
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Row and column iadels: 1= 11; Jw2l; 3@ 33 4@ 23,53; Sw31 13, 6= 12,20

SUSCEPTIBILITIES

hi i -
X = T wltT VP>

LT ]

g - .i‘ﬂ,’-".!,<?z.>
Ll ]
« SECOND ORDER
xR = ‘vs;,[-g-<r|> - §<P:>}

W = xi® = o~ Na;.[-;—<r,> - -;-<p,>]

« THIRC ORDER

. 1 4 8
XA = VYom [g - P> - 3§<P‘>]

ELECTRIC FIELD POLING

N =\ % o0 0
N | -

A~ \ gdpgos-aau

PP Ly
Fl =1, o
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{ POLED MATERIALS POLING UNLCER UNIAXIAL STRESS

e SECOND HARMONIC TENSOR PROPERTIES

e MOLECULAR DISTRIBUTION

oxp(- =(SUw-muEpl] SECOND HARMONIC GENERATION

Gu(B.E,) = 1 .
JdQexp(- (U -meEy)l

P (2w) = 2d31(-2w;w,w)E 1{w)E 3{w)

(D) - i D cp,>+villcp,>
xi3 = vii<Ps> viR<Pa>~vil<P, PR (2w) = 2d41(—2ww.w)E 2(w)E 3(w)

PP (2w) = day(~2wiw.w) [E%(w) - E%(m] + daa(-2wiw,w)Ed(w)

EXPERIMENTAL GEOMETRY SECOND HARMONIC INTENSITY

Ry ~ N3

2
3
; Pr = 51?: ‘daaisz":rzuffpz(e)lﬁ[ 3 1 3 ] sin?y

o P-POLARIZED INCIDENT LIGHT

AR GLASS | FLM | GLASS AR
p(8)=(acos?8, ~sin?9,)sing,, + 2acos8,sing, cosss,

Z e S-POLAR.ZED INCIDENT LIGHT
p(8) = asin(82,)

j d 3
or 3 ™ —
nsi N |Nw N2w| N nat d3a

im0 Is¢

"
N

N




ORDERING ENERGY

oxp(- =]

G, (n) - U
[dQexp(- T

¢ ELECTRIC FIELD POLING

. -
Ur = myE,y

:E
NB 2 [l - $<py> '8‘<P‘>]

xs = i |5 7 as

.
m.E,

. . ; . 11 4
o= 0¥ = - AVﬁmT [-1? + E—<P2> - ¥<P,>]

o JUNIAXIAL STRESS
Ur = Up + Uz = bP(cos8) -~ m"E,P,(cos8)

STRESS POTENTIAL
(Up = LUg)
«7

m'E
&I

-
5
= a\(7=)Pr(cone) + a;(%)?;(cou)

<Py>
—_—
<F,>

393
- aq

b = magretude of sTess potential

ir

=
Zje
o

>
P>
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ORDERING ENERQGY

U(8) Adkary Uhwis

DISTRIBUTION FUNCTION

am'E,a
<Prv> =3I A
<P3> _1-3a
<pP.> 1+2a
<p 1 <P,>
2> - -
2 m Eg
3T
(
1! <P3>
P> = - = =-3<P,;>
i m EE
7%T




F-7

FILMS POLED UNDER STRESS

+ DISPERSE RED 1 DYE DISSOLVED IN PMMA

Film # | Oye Numober Density | Thickness | Poling Fieid Stress
N 108 om ) Zam) L EMVom) [ oidvaeiomi x 100
1 [ 2.42 { 40 0.60 0.00
2 . ‘08 a9 0.28 3.71
e RESULTS
u'E, by | <P> | <> | <Py> | <P> An
1 | —_
Fiim » ] a T 0

1 l0.33; 0.50 0.00' 0.16 | -0.020 | 0.00 | 0.015 | 0.0014

2 }0.7 { 0.20 ' 1.2 | 0.041 | -0.20 | -0.019 | -0.02 | -0.0043

NEW MATERIALS

DISTRIBUTION FUNCTION

rzde'B“Ep

MOLECULES

CORONA POLING

P

~o

POLYMERS

g '-,’ . , |
v MOLECULES

B MEASURED BY EFISH

............. ISOTROPIC

o DIRECT MEASUREMENT (N DIPOLAR €. LVENT, DMSO
------- POLED ’
———— STRESS + POLED

e INFINITE DILUTION TECHNIQUE
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RESULTS

Bu® —|

Molecuie
DAY ":"?.@-\©‘ 1090"

ocv }/5 2880’

TCV 4110°

Bi in 10" W¥em3D/esn
A = 1358um
A= 1.58um

CORONA POLING

* NO ELECTRODE DEPOSITION

* MIGHER POLING FIELD




» RESTRICTED MOTION
-~ REDUCES POSSIBLE SUSCEPTIBILITY
— REDUCES DECAY MECHANISM

o CORONA POLING ALTERS MOLECULAR DISTRIBUTION

DISTRIBUTION FUNCTION

CORONA POLED

SUMMARY

o NONLINEAR OPTICS CAN REVEAL MOLECULAR
DISTRIBUTION
— INTERNAL AND EXTERNAL FORCES

¢ CORONA POLING

+« NEW MATERIALS
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SIDE-CHAIN POLYMERS

¢ HMIGHER NUMBER DENSITY

e RESTRICTED MOTION
~ EFFECT ON POLING
~ EFFECT ON RELAXATION LIFETIME

POLYMERS
CH, CH,
{
s hi r Lo
T T N
COOCH, COCCH,CH, -N- CH,CH,
N
\N
=
N
V‘Ul
cN

ELECTRO-OPTIC MEASUREMENT
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ELECTRO-OPTIC MEASUREMENT

Lasensity (Asbitsary Units)

tntensity {Asbliary Units)

-
-

-
p-3

»

-

u_

Weulge PonNan ()

-_ — — - ——

RESULTS
MATERIAL ! N ] L] ‘ dy l L ] g ‘ rr
| (10%-emdy | | (10-%emwt | (10-%em) | (10" %2m | (107 |
OCV-MMA 158 | dum29 | du=28 | ra=d [ ragm9
-8
(corona) A= 8) | dpm?0 | dyymt8 | rH=é ‘ ra=0
i A —1
DCVAMMA 153 | dy=3e ‘ dn=9 ! t
3
(corone) (=8 | dy=17 | dyy=as
OA 1P MA 1.52 dn=13 ( !‘ .l
23 E i '
(carone) A= 8) | dye=8 ! J
F,_'VPW 1.82 dy=8 l, ! |
a7
l\m' (A= .8) der=2 ] l ]
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H. Nakanishi

Research Institute
for Polymers and Textiles, Japan

SEVERAL SERIES OF NOVEL
POLYDIACETYLENES FOR NONLINEAR OPTICS




F "

yoed

- e

Several Series of Novel Polydiacetylenes

for Nonliner Optics

by

Hachiro NAKANISHI

(Res.Inst.for Polymers & Testiles)

1, Significance of Crystal Engineering for

Aromatic Substituted Polydiacetylenes (APDA)

2. APDAs by a Hydrogen-Bonding Effect

3. APDAs by a Bending Effect (I)

F

o e - o »n

. Conclusion

Covorkers :

R
4]
—

Fig. 1

f. Matsuda

S. Okada

M. Kato

S. Takaragi

M. Ohtsuka

R R

R ° R R
D 0 R
(A) (A) (A)
R R R

R R R

. APDAs by a Bending Effect (II)

. APDAs by an Anchor-Void Effect

. APDAs by a Fluorine-Subsitution Effect
. APDAs by Conples Effects

. Preliminary Evaluation of X‘?' of APDAs
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Bandvidths(BV), Bandgaps(Eg), and lonization Poten-

tials(IP) for Acetylenic(A) and Butatrienic(B) Poly-

diacetylenes By VEH Calculation.

Substituents BY Eg jid
H in A 3.972 2.596 5.338
CeHs  in & 1.118 1.769 4.903
CHy in A 3.265 2.449 5.039
H in B 4.818 0.154 4.277
Cels in 3 1.878 0.¢15 4.133
CHy in B 4.136 0.435 4.032

Interesting polydiacetylene

structures for NLO. { R=Ar)

B.J.Orchard & S.K.Tripathy,Macromol.,19,1884(13886).
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@mmw FIKEEEOHMNITEFL IO @

EBHE-EH®
S Table Reactivity of &~n
Structure  Substituent of L.?n-x Reactivity vo_wamwn
"
position (R ) H O , Yield(Z) ; . -1 °
5 P N " e n Reactivity IR Ve=plcm™') mp (°C)
Coom o (eGypiyg) . 8.9 7 - 1672 208
P (Cyyiyg) -
m o (=CyH,,CO0R) R 11.8 8 M 1656 183
m (-CygHy COOH) + 9 + ) 1667 155
(4) n { none ) -
[ ] Tnaxm-v . ' 10 ++ 1647 194
m (-CH,,-) -
714 :
L] Tnuz_mav + e 50.8 " * 1661 159
m Tn_mzum-v ‘. 92.9 18 ++4 1658 175
P 3

ono *2« -n.gr.goun of ca. 100 HRad.
- stable, «+ reactive, + & highly reactive.

Mvop= 0N mpep=

’ A.m. MYnunlanlA ..w.,w Q (3)
. 7GR
M W

C-N

} *_ NC :

R
@ nereenYon at
UM Rty 0-¢ e,

Vemeren Se mezc ey ° o9 ° 0 02
xnann:w\nxqfn “eneny cicn SR RN T ,...m.ooxuz.:..xxuo..‘m....n
Vorcrem ,n...n werc-aM .. o R.n
.n..w\nxnn-ax Melhod 1 :ulom.:.n\ﬂ n.
Ce,
. “n-
[ dw e o L
1oomi. L .-n.oe,x...x&:xu =-Cre, Futied 11
S
d «wm ° man.n.n o
D ——C-a. MR M e
'c-cm ° Y 5 © .0 ¢ <
xm..n eV n.M Moy . v L LIS L €, © ......
oy ¢ ¢ o ¢ & e MR- -
[ 9 < "
"3 M ‘cenf™ - . H -
conpencFenvons SRR
Yo ¢ [4 ‘ _atnbon.cCon-goieatulong ..u_\
o oV ortegngiigtage /o,
LoCHATH 4N EO- ° w o, S
M= cocw P 3 AR .M:.n.x.-.x.m n.n.n._..
° " & w0 X

(a) (v)

e 1. Schematic presentation of 2-D solid-state polymerization
acetylenc-acctylenes (a) and diacetylene nylon salts (b).
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R2 -C=C-CZC-R
Ry A 2
86.0
O B
wz.. 129 [>240
- | - ¢
683 132 | 113 mp/c
c IO.GINI + ++ + b reactivit
Oazmé.nx 708 | 160 | 93.0{ 145
T+ |+ 4[+4]| + E
648 [ 111.] 625.[ 114 | 96.0
€ zwnOManw |4+ ]|+ | ++]| F
153 125 | nz2 [ 123 [>220
N-Che - NI RN QI

= stable,. ¢ reactive, s highly resctive

PR UL w.m.nzu ro mmnnx L, @z.nmnx
Q ©

‘ HO-CHy-CECH — ™% 5 yo-cH yCEC-Br

Smbedyhtin B ourve "
- - -CM= 4+ £C-C=C- -0-C-N-
cre-cre-cnzom + ool ————> | wczc-cac nxuo ch

w.:umnx + Br-CEC-CH;OM S N-CZC-CEC-CHIOM
€PDO
]

N-CEC-CEC-CH0- v©nx
cPotS

m @.n-?n-n.nx...ox + n_.w.gnx. -

Scheme of spnthetic procedures of CPDO snd the derivetives.

N
Vi

5
: Hos
~ c
- [
[ -
4
3
° 40.«. Y
2 5
& ry
o 3
:
5 <0.2 Hl
E
S
z
1 1 1 >5:OOOL°
400 500 600 700 800 900

16

A}

Wavelength  { nm )

Action spectrum of photocwrrent {0) and
sbsorption spectrom (~——) of poly-CFDO,

Table 3 Band Gap Energies and Ionization

Potentials of

Polydiacetylenes
Polydiacetylene Eg( eV ) I.P.( ev ~
poly-PTS 2.1 ( 5.3)"
poly-DCID 2.3
poly-CPDO 1.6 4.4

* Calculated

-
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@ Table Crystallographic dats of (PDO's,

Monomer Polymer
Formuler m:x::o n:z__zo
otg. 11 M ) 245.3 245.2 m@.u = SiMej OH™ R _
5 ) Crystal System  Monoclinte Mincclinilc Pad , Etan @”
Space Group P2\/2 P2/
a th 16.269(3) 16, 494(6)
b () 4.951(1) .873(3) Br-—— _ OH R
_ 3.2972 ¢ 17.360(4) 19.513(8) PP —— @W‘ilo:
gk @ 1 (°) 113,53(2) 124,213
v L) 1280.4(5) 129 (1)

| 2 ‘ ‘ von

R
Dx{g m3) 1.27, 1.25, - @v ——
tning oY .27 1.26 @ @

)

Table Solid state polymerizability

@ of Phenylbutadiyne derivatives.

Taale  Crystallographic data
Formilse ...Nw_.;_. NO. R uv % a Wal® (%) (vBB HRad)
Mr 305.4
Crystal System Monoclinic
souce Growp P2/ 1 2-N0, o o o} 95.6 [70.0]
a ) 13.180 () 2 3-NO, o o o} 94. 3 [(25. 5]
b (A} 1,296 (1) 3 4-NO, X X o] —_— (50. 0]
e (x 28.776 (2) 4 2-NH, o o o} 99. 0 [70. 0]
22k AN s 3w, o o o 100 [27. 0]
' . 1 2-Hil, o o o 100 {156. 0]
Da(Mg w™) 1.248 5-NO,
on(Hg W) 120
* o.0m7 O : active
X : inactive

e
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Absorbance (a.u.)

400 500 600 7C0 800
Wavelength (nm)

Fig. Absorption spcctra of 5 with changing UV irradiation time.

®

Absorbance (a.u.)

@

48 hr
6 hr
dhr
1 1 1 1
400 600 800 1000
Wavelength  (nm)
Figure Absorption spectra change of CA7y by heatfng at S0°C.

Monomer

Polymer

1
15 25 35

28 (deq.)

fFigure X-ray powder diffraction patterns of Cody.
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w mmmmm+o:~+wdqo= 1-n (n=20,22)
W.H.m*nxwﬁno% 2-n (n=20,22)

T
535

ABSORBANCE

Q

1
400 500 600 700
WAVELENGTH (nm)

Filg. 4. Vvisible spectra of 20 layers of
1-20(a) ang 2-20(b).

@

QO/ GZuAOI +:|ﬂ|hh
i
BriCH +—OH —— Br{CH_.}—-0._0 —
2’n wt 27117y HMPA/THI n*
1, N4CH, 5 NIK no+=nr
CH 34 CH g S CHy ) OH ———————= =TIl )7 O
3721 H.N4CIH_ }=NII 2'n+1 cut, Con_ N
2 273N » Calighil,
- CrO
OH 3
HO—-===-{CH, }—oH l'llalv ==CH, )7 OH > =S icopH
6

0.N" @ T @/
N4CH,}4CO.H

3-m (3 L...m:dmﬂwn_pﬁ.mmv

3-p (4,4'-substituted)

O==0,

O.N NCHCH,+—CO_H
2 H 2'n"72

4-n (n=7,10)

- —— — —— wan asm oS
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ABSORBANCE

300 400 500 600 700
WAVELENGTH (nm)

Fig. 8. Uv-visible spectra of multilayers
of 4-7(a) and 4-10(b).

— (i) . —
HOACH 3= HOACH g =11
1 [Path A] 3
(11) (iv)
> HOtCH b= la-e
(114) 2
h 1
(1) Br-=—ph,cu*,amine wm ey
+ - b Yy
(i4) wﬂlmm+|0= Cu ,amine (iii} ORH 3c 3-tolyl
_ r. cu’t ‘ 3d 4-tolyl
{iv) Ar-I, (PP uvuvmnww~ u ,amine Te 9-anthryl

2C
C* & £
ﬂ\“ C C
R™ ¢ ¢
R R 0ﬂ\D R~ /ﬁ\”
L7 n. [
o
0\\
R” Y E
q R™C%-R R n,n\n
\n\ ] 1
c? C C
\\O\ n..“: m.
D\O\ ] 1y
R-Cy R-C{
DA poly-DA
F F
F F

[}
Pl

(2]
Pins]
[m)
Pyl

@ I-Ar

¥ =C-C=C~-
*O..Ozu.vlwunnﬂ CzC-H

HO4CH, $=—=C3C-C2C-
(PhyP),PACL,, CuCl, NEe, 2773 C-Ar

2 3

3 : Ar 3a : phenyl 3b : 2-tolyl
: J-tolyl 3d : 4-tolyl
: 9-anthryl
! pentafluorophenyl

: 2-(trifluoromethyl)phenyl
: 3-(trifluoromethyl)phenyl
t 4-(trifluoromethyl)phenyl
: m\mnvnmAnnwmuconoamn:<wvv:m=<w
: u‘mnvwmAcnwmwcoﬂoamnsww,u:m=<w

221518 s 15 18




ABSORBANCE

Fig.

G-10

D)

1
400 500 600

1

WAVELENGTH

{nm)

]
700 800

Absorption spectra of 3f dispersed in KBr with changina

Uv—irradiation time.

Table Polymer yield by y-ray irradiation.

Substituents of y-ray dose Polymer
phenyl group (Mrad) yield (%)
19.7 2
pentafluoro 19.7 82
2-'(trifluoromethyl) 100 1M
3~ (trifluoromethyl) 100 1>
4~ (trifluoromethyl) 100 18
2,5<bis(trifluoromethyl) 50.3 98
3,5~bis(trifluoromethyl) 50.3 1>

-C”
ce .
C” g
C*
n\ - -
’ R hﬁ\ﬂs R ¢
.R ¢
n‘nwn — " <>
D\n.u n\nm ’ e
R R
\ﬂ\D. :ﬂﬁ
c? i
.C”
m\nv n\nm rR-C.
R=R% -n&omou@ynzu PTS
R=R= NO o-AAPB
. CHsG
OH
Rx =CH;7OH R:-N cPDO
. T.u
R=R= DFMP
CFy
FF
BTFP

R«R= wn» Hq

Fig. 1 Solid-state polymerization scheme
and polydiacetylene derivatives.

@ Table 1 xﬁ: values of polydiacetylene thin films

Poly-DA Thickness

xﬂuv x do,, (esu)

{tm) Pumping Wavelength (um)
! 1.83 1.88 1.94
1.09 2.4 3.5 2.6
OFMP
0.98 3.7 2.4
0.07¢ 28 32 13
BIFP
0.054 26 15
PTS 1.35 1.4

reference: fused quartz, xﬁ:- 3x 10

“1805y at 1.89ym
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NONLINEAR OPTICAL MEASUREMENTS
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D. J. Gerbi
3M Co.

NONLINEAR OPTICAL EFFECTS
IN

CONJUGATED SYSTEMS

— v e w————
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J-2
SECOND ORDER NONLINEAR OPTICAL EFFECTS
IN CONJUGATED SYSTEMS G. T. BOYD
DIANA GERBI D. A. ENDER
R. M. HENRY
K. K. KAM
P. C. W. LEUNG
ADVANCED OFTICAL MATERALS
SCENCE RESEARCH LABORATORY J. J. STOFKO
3M CORPORATE RESEARCH LABORATORES
ADVANCED QOPTICAL MATERIALS PROGRAM
'CRGANIC 8ASED CEVICES)
{ SEVELOPMENT AND APPLICATIONS|
(2)
® DENTIFY CANCIDATE MATERIALS X ﬁ
® UNDERSTAND AND MAINTAN
MOLECUAR OROER [ oPmcaL comarecanons | [ 0PTICAL SIGNAL PROCESSING |
@ DETERMINE APPLCATIONS OF MATERIALS. FIBER OPTICS LAS REFORMATION AND
FEASBLITY N DEVICES TELCOMM MAGING TECHNOLOGES
3 ponRAN
eovRe
: OPTICAL SIGNAL PROCESSING
FIBER 0PTICS Lan OPTICAL SENSOR PROTECTION
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OUTLINE
L REVEEW OF SECOND ORDER NONLINEAR OPTICS, CHARACTERIZATION
METHODS AND DEVICE CONFIGURATIONS
L ADVANTAGES OF ORGANIC NONLINEAR OPTICAL MATERIALS
R MATERIALS PROCESSING/APPLICATIONS

V. ELECTRO-OPTIC MATERIALS - CRYSTALS AND
POLED POLYMER SYSTEMS

MACROSCOPIC POLARIZATION: REVIEW OF SECOND ORDER NONLINEAR OPTICAL EFFECTS

P=PR +£: ‘E‘ + }fu’EEE + ;131,5;551- ELECTRO-OPTIC EFFECT:
’ index of refraction changes with applied voitage

n=n, +an(E)
(2)
amx X

Output frequency = sum of input frequencies

wiout)=w, +w,

« 2) 2 - 2

Output frequency = difference of input frequencies

wi(out) = w - w,

P=p +«,"E}- +4,EE, + Q@,E& -

CHARACTERIZATION METHODS

SECOND ORDER NONLINEAR OPTICAL MATERIALS

POWDER SHG
SHIGLE CRYSTAL SHG

POLYMER POLING
ELECTRO-OPFTIC EFFECT
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SAMPLE —_— 4 [
1.08 mecron A & 'L 0.532 mcron
1
n= I(2w )sample
I(2w )urea
MATERIAL FORM MICROCRYSTALLINE POWDER
ADVANTAGES: USEFUL FOR SCREENING MATERIAL FORM: SOLUTION (LOW POLARITY SOLVENTS)
ADVANTAGES: OBTAN
DISADVANTAGES: CANNOT RESOLVE MCRO- AND MOLECLLAR PROPERTES.
MACROSCOPIC CONTRBUTIONS COMPARISONS
TO NONLINEARITY DISADVANTAGES: MOLECULAR PROPERTES ARE
SUBJECT TO ENVIRONMENT
SINGLE CRYSTAL SHG
POLYMER POLING

Bl {\E : »
i L
FR |=G'!'

H
MAKER FRINGE '__J
400 v
- MWM Figore 2 Expanmsstal ast-wp for ths Slm SHG mensurensss nmng Fremsi rhesb
§ 200 . E. polymar flm P. peung voitage V, hasser H. enar Sioer
F, Glaa- Thampeos poam GT. M e D.
O ——
40 20 0 20 40
ANGLE

MATERIAL FORM: LARGE SINGLE CRYSTAL (mm to cm)

ADVANTAGES: MEASURES TENSOR ELEMENTS X%,

DISADVANTAGES: REQURES CRYSTAL ORENTATION.
INDICES OF REFRACTION. POLISHNG

MATERIAL FORM POLYMER SYSTEM
ADVANTAGES: REAL LIFE ENVIRONMENT,

EASY SIGNAL DISCRIMINATION
DISADVANTAGE: NOT A DIRECT MEASUREMENT FORE-O




Figwre i. E e-up for

J-5

MATERIAL FORM POLYMER SYSTEMS, CRYSTALS
ADVANTAGES: DIRECT MEASUREMENT (DEVICE FORM)

O!SADVANTAGES: LESS SENSITIVE THAN SHG
NOT AN N-SITU TEST
CRYSTALLOGRAPHIC ORENTATION
FOR CAYSTALS

ADVANTAGES OF ORGANIC MATERIALS

SYNTHETIC TALORABLITY VIA
DELOCALIZATION/SUBSTITUENTS

X

SUBPICOSECOND RESPCNSE TMES
TRANSPARENCY

MECHANICAL AND STRUCTURAL STABUTY
HGH RADIATION DAMAGE THRESHOLD

ENVIRONMENTAL STABLITY
PROCESSABLITY
ROOM TEMPERATURE OPERATION OF DEVICES

X X ® & ¥ Kk K

MATERIALS PROCESSING

SPRN-COATED POLYMERS
2.3 CHANNEL WAVEGUIDES

* REQUIRES LOW LOSS (<1 dB/cmy)

-+ REPRODUCELE. WELL-KNOWN
TECHNIQUES AVALABLE
= INDUCE ORDER RATHER THAN RELY

ON CRYSTAL PACKING

CHRYSTALS
8.g BULK CRYSTALS
CHANNEL WAVEGUIDES
VAPOR DEPQOSITD FLMS

- REQUIRES LOW LOSS (<1 dB/em)

BULK CRYSTALS MUST BE DURABLE ENOUGH

FOR CUTTING AND POLISHING

- COMPLETE CRYSTALLOGRAPHIC ORENTATIOM
IS REQUIRED

= PRINCPAL OPTIC NDICES AND AXES RELATIVE
TO EXTERNAL MORPHOLOGY MUST BE
DETERMINED

— e e y——— <— - - - e -
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SECOND HARMONIC GENERAT'ON APPLICATIONS

red W blue 2w
laser diode SHG waveguide
optical disk

deubling optical trequency gives 4x storage density

APPLICATIONS — ELECTRO-OPTIC EFFECT

modulator divectional coupler
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ELECTRO-OPTIC PHASE SHIFTER

400ULATOR, GYRO

+ CONPARE N,

1= m
Insertion loss 68
=36
i =N U
e “esperature

ELECTRO-OPTIC PHASE SHIFTER

- —— . —— - A
\ o2 - i

Y= iny ¢

—_— e ——

Nl

83007 e =0 1P ired
SAERI R e
x® = cNufE N=tWlF
£=0.4W/m
=uf-3 - uf oW
A<0.4/m (t d/em




RELATIVE
HALONITROANLINES erpiciEncy u ‘DEBYE
(UREA)
e,
P~ = 20 aan
~“\=
-
-t
—ur <0.001 -
2
£0.001 9.400
— e
na,
a 2t
- <0.001 4.433
o oo
2 7.722
wo,
-
P~ 0.03 s.281
o
r‘z
£0.001 8.023
oM’ -
2 et
MATERIAL sPact a » c « 4 ;g
[3 11"
S-chlere-2-nitroaniline Pra2, 30.844 8] 3.852 R | 6.00a R | 90° v0° 20°
(phase 1)
S-dreme-2-aitroaniling * i 1.344 7.844 7.001 97.98 116.69 83.23
(S-chlore-2-attroantliine)
(phase I1)
2-ehlore-d-attroantiine” | Pra2, 1n.2s 16.85 1.87 ’" 0 0
J-chlore-4-attreaniline r2,/¢ 3.8 12.531 164.467 11} 91.20 | [

* A, T. MePhi) ane 6. A, Sim, J. Chem, Suc , 227 (1965)
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MOLECULAR - MODELLING

HOMO
H H
H H
“ e
\ \

N — — |

/ ). /
° < D——’\

y

/Q < difference in ground state and excited state

dipole moments

5-CHLORO-2-NITROANILINE

a-30844 A SPACE GROUP
b =21882 Pna2,
c = 6004

Figure 4. An illustration of the crystal structure of 5-chloro-2-nitroaniline. Sigmficant
intra- and intermolecular hydrogen bonding indicated by thin lines.
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5-CHLORO-2-NITROANILINE

SPACE GROUP Pna2l,

polarization axis . C-axis

Px X (333) x 3(zzz)COS'9
8 ~Z
/ —

-

B

Z 'polanization axis of molecute
C ‘I polarization of crystal

e

Figure 3. A projection of the ribbon-like packing structure of 5-chlom—2-niuoan_xline. Z2-C =cos 8 = 0.906
SHG PACKING EFFICIENCY = (74

Molecules in each row are d by sigmifi inter hydrog; g

2-CHLORO-4-NITROANILINE

ELECTRODE CONFIGURATION
FOR MEASURING E-O EFFECT

L)

!

FIGURE OF MERIT = ! n\’r..-nér..1= 18 pm/v
EX=y
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EFISH on 3-CHLORQ-4-NITROANILINE . |

1.06 mecron

- ——— W f=6.9x10""esu
0.532 micron

3-CHLORO-4-MITROANILINE IN PMMA
r,-—7—.7‘—-—, leng X 5° iocal poiane
IRy

. 0.7 M .n PMMA (10t Dy wt)

. £ es x 108 wem

. T e 1109 2

SHG STUDIES OF POLED POLYMERS

PRINCIPLE OF POLING GUEST/HOST SYSTEMS

. ‘ A Lot
v = - -A . i A
e E=0 B
INVESTIGATE:

@ Extent of oroenng
® nsw

@ Powng gynamcs

RESULTS OF POLING EXPERIMENTS

- CALCULATED [ AGREES WITH MEASURED

- OBSERVED DECREASE of x{?) wrTR TmME

22 (ogu)
g, 11c° 2 1 x 10717
E. RT 1 x 10710
E =0 (30 “ec), RT 0.8 x 10”10
£ =0 /65 hr). RT 3.39 x 10-10




_— - — ~—————-

J-12

POLED POLYMER SYSTEMS FOR ELECTRO-OPTIC EFFECT

-2%_.‘“ A/molar
48 (x 10 ) 810 nmm 1000 nm 1300 nm 1500 nm

GUEST at .58 microns

aMmx-40 37 84 51 30 27
3MX‘3 ‘9 1’5 ot“ o-os 0-1
IMX-36 18 0.6 0.3 0.3 0.3
3mx-2 15 0.5 0.6 0.6 0.6
IMX-1 1" 0.07 0.06 0.05 0.07
3Mmx-8 10 0.03 0.04 0.04 0.04
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G. R. Meredith
E. I. Dupont DeNemours and Co.

OPTICAL NONLINEARITY: MOLECULES,
ASSEMBLIES AND WAVE PHENOMENA
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G. Khanarian
Hoechst-Celanese

CHARACTERIZATION OF POLYMERIC
NONLINEAR OPTICAL MATERIALS
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Zoucar Zrgamc latenais

3. <hananan
~oecnst Calanese Corocranon

Summit. New .arsev 17301

ACS Norxshoo

Jirggma 3eacn. May. .988

CUTLINE

9 Moiecuiar Milier s Ruie

2 Poivmer Structure ang .

o] Measurement of . -
Generanon

ov Second Harmomc

0 Measurement of , Dy the Pockeis Effect
-] Resuits for MNA/PMMA

o MNA/PMMA/Sol-Gei Glasses - Rote of Molecul
Motion

o Langmur Bloagett Fiims - Role of Intermnat
Ooticai Fiewd

3 Aoppucation 10 Jevices

- ZHE

3 ZEMARTINC
D HAAS
T LESUE
- MAN

4. STAMATOFF
> TENG

4+ YCCN

Schematic

Design of
orgamc molecules

(Intwition, computer modeing
and quantum tmechanics !

Synthesis

( Optical, etectro~optical. )

Charactetization (Solvato~chromism )

Materials (Structure/property algorithm}
Formulation of { Guest-hoslt, singie
Development component LCs)

polymeric systems
| ( Teactability, amphiphicity )

L]
Fabnication (Thin fiims, 3D articles)

{Dimenstons & relation to
activity, shape, size...}

Fabricalion to
critical standards

Device Design
and
Evaluation

Conversion to device forinat

Evaluation of device
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BASIC PHYSICS

MOLECULAR

P = u + & + o + &

MATERIAL

- BT ) gl
P e 'E + 'E « ("B

& 1, Lg
PR P=r - =
e T -
ve 1
z"""d-_ T - .

M oay = liye = Gy

(M v ™ = :,1‘; Rl (wu)lr e, + oyl
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1

S
=3

s a
LA B S

#
£

~
LI S

o
a

—__._?‘____

i3

©
»

ANHARMONIC 3SCiLATOR MOCEL

m
N‘..l

~

m  mass of electron
. charge of electron
N oscilator strengtn

13 anharmonic constant

e

“  anguiar trequency

L lengh of mowecuie

»n
Exo_ 110" esu Theorv_ 110" esu)

me ! 30

log,f3,,. versus log,a,
Veritication ot molecular Miller's Rule

SI00® = 29+C3

2 30 s L3 .5 s
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tatLg 1
s 29
Folar Kerr constants oK (x 10~ e3ul, {inedlf polariiedilily @, (x 10 exw)

andp,,, L al0 Pesus

] - tamsity Compound o _i :: B 'fl‘_
3 - cerr zonscant ) wo, 0985 132 10
«f - <alar <err coastasc u,c)_
u,u—\g)-uo, 6 850 197 s/
T e : E 145 9 2
B T o Tee® T o 1mue 3. e fOv HeN "°t 293 0
2 Tkt
) = o . ,,RN\{’BH@_<§>.~0, 16.9 196 1
- - * - ¥
] zz
"é:'."; I P !
- 3 .3 (tse nvearpolarizanility)
1 ¥ ez “ins z

v s =agn lna sveersoiarizadilicy
" * Avogadro s Nuaser
« JoitImann’'s cONRStEAC
- rempersture

S = ~ean solarizamility

- ® 3ioale »eament

<X values are 2L 0035 g™ X _Nas been deduced Irom equation §,  Jnd
1iterature vaiues for 1he dipeie moment », and the sverage polaricabiitty,
@,, velues (eparted +bave e AL + F pm A GISPErsion farmuls has been used
10gofromobiste 191 pm B, Heaisoal 19 pm

¢ OF POLED FLEXIBLE DIPOLAR POLYMERS

Types of Molecuiar Packing

Packing Type

Order Magqgnitude

\ / Non-centric

Second Moderate e Theory same s for efish

r I I Non-centric

Second Strong

T cene

Third Strong

\X % Centric

Third Weak

i i i be done for mngte chans - Flory
Direction of dipole moment ®  Exect caculaons can
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Tadis 2: Average Monomer Susceotibilties for

H CgMaX
Vanous Moiscuiar Wewght Copolymers.
FIG. 2. Desgnaiioa of boads of PPNS, X «NO,,
Moecular Caicuiated Numoer of M¢Be/n Eanancement
Weight.d My Monomaer Units, n (1048 esu) ‘aciar, G
TABLE O. (u8)/r (x10™ cm) and (1) /X
(x 10" 5C° cm’) of polylp-aitrostyrens) ve NLO cnromaonore® - 24 -
acticity p, T =298 K, x » 200 repeat units. 17.000 37 230 15
. 70.
Py <..,a> (/s 0.000 152 1140 20
0. 0 (isotactic}) 21.5 10.7  Det GPC
0.2 16,6 8.27 $rmuned Dy GPC ‘aistve to coystyrens.
0.4 16.3 8,12 ® Structure O from Tabie 1.
0.6 16.8 8,38
¢.8 16. ¢ 8,17
1. 0 (syndiotactic) 12.8 6,23
C. S. Willand. 5. £ Fetn. M. Scozzasava. and . J. Wiliams
Corvorate A ) | L E Koaax
.. .o Caomoany, Rochesier. N. Y.
CHANARGAN, . IAEM. wys. T 280, .80
G. D. Green." J. | Wawnschenk_ Ill, K. K. Hall, Jr.. and J. E. -
Muivaney
C. S. Marvel Laboratones. Decartment of Chemestry.
Unrversity of Anzona. Tucson, Az
[ Maker Fringe of EFISH of Dioxane
YAG taser m Generalor at A=1 535um HV= S Okv
P L T | T T L
ﬁl— HV. -
Vokage 5 b l
Supply n

CAMAC Crate ”
XYZ Motion 0
Control

roan
1 T

-
——
e ——aa

0

N !
St fhe W

2 mar
5~

T
—

e p——
=
,)__.:-'-
———

1

L]
Boxcar  wqrator

8 A




Second harmonic witensity (arb. units)

L-6

Second Harmonic intensity
From a Poled MNA/PMMA Alloy

-75°

0° 75°

SECOND HARMONIC SENERATION FROM POLED POLYMERS

Rotation axis

"he second Harmomc ntensity i3 given Dy

2w - UTdplmn’ (1 L n

Tiw) P Z ic Pmn 3‘2'

Poled polymer
film

. T Frasnel transmussion factors
d Second harmonic cosificient
? Projecuon factor of d tensor onto optcal efectnc

tigia
" Coherence iength
n Retracuve index
| Thickness of sampie L‘
] Angie of rotation

(20 o W = 208

When ¢ = 0 . p = 0 and there is no component of d aiong €, and
there 18 NO second harmomc ooserved

The Maker (nnge anses (rom an intarference betwesn the
funcamental beam ana Qgenerated harmMmonc wave

Poiarized incident
laser beam
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PCCKELS EFFECT
~LSoRY OF MEASUREME® T FCR PCCKELS AND KEBR EFFECT

The ooticai retarcaton s

“he cireinngence sn iNCLCEd N a2 Kefr Coll s 2
an = ABE
[ Oopucal path length

ana n 3 Pockel cell
an Induced biretnngence

an - 12 M'E
IS Wavelength of light

“he oiretnngence results in a reiarcaucn -
The induced birefringence

T = 2z
) ah o= 1T, - n ) E
in the small angie approximaton. Equaton 4 becomes:
I s 11 .1 r Pockets constant
. n Relractve index
A sinusoidal voitage 1S 20phea across the ewectro-aonc ceil £ ADpied electne fieid

V = Vo sinw
For polsd matenais

Substituting Equauon T into Equation 5

w ° - - berr « - Pockel_sinwt - - Kerr cosewt

z i <z 2

This result 1 obtained irom a ~armodvnamic model for poiing

- Bolzmann statustcs

The apoarsnt anguiar aepencence of the Pockeis effect anses from
cnange of optical path length

_ 1< Rotation r
2 Axis 33
cose /
r
where d is the t of the Poled Polymer 31
Film

The ansiyzing lignt beam sees a different direfringence as a
function of angie

Potarized
Incident

an (& * sn (e = 907) mn'e ' Laser Beam

¢ 13 the angle Detween the normal aus of sampie and the light
oeem
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SCHEMATIC OF ELECTROOPTIC APPARATUS

LASER

QUARTER
WAVE
POLARIZER PLAIE ANALYZER
ELECTRO
oPTie Cet loETECTIOR
LOCK IN
MV SUPPLY AMPLIFIER
SIGNAL AEFERENCE SIGNAL
GENEHATOR

Pockels Effect from Poled
MNA /PMMA Sample

intensity
(arb. umts}

Pockels Linear Electro-optic Effect

Intensily
{arb. umlts)

From a X'’ Polymer

Electrical held (V,pme/Bm)

|
( Angular depenaence)
3 =
]
|
L n 1 1 A
0.0° 10° 20° 30° 40° 50°

Rotation angle



S0L-GEL TECHHOLOGY

SOLUTION

POLYMERIC - CROSS-LINKED POLYMNERS/

LONG-CHAINED MOLECULES

((cer ] - [ciourolsorio]

\\\\\ COLLOIDAL - LINKED COLLOIDAL

PARTICLES (SOL}

KERR EFFECT OF SOL-GEL GLASS

Log

MNA aaded to sol-gel glass

PMMA is added to sol gel glass to give mechanical
strength

Slab was cut and polished for electro-optic measurement

Arrhenius Plot of Kerr Constant
for MNA Optical Composites
1.5

1 ¥ g © Q00a o
! ba

0.5

of !
]

*
-
=]
-0.5 b a

BrTI/B(298K § o

T

-1 Qe
® SXw/w MNA in PMMA

-1.5 O S5Xw/w MNA in glass/PMMA

T

-3 — a4 PSP

25 28 27 28 29 3 3.1 3.2 3.3 3.4 35
102 1/temperature (K)
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THERMODYNAMIC MODEL

Assume that noniinear optical molecuies are distributeq
onentationaily according to Boitzmann statistics.

NLO Side Chain Polymers
First Generation

CH,
’ | Backb
'L‘CHz ¢ _J ackbone
| X

§=0
tn(2eee) = Nfa cifie 20 4E o
n- 2. 5kT (CHyly Spacer
0
O
N numper density } NLO/mesogen
f internal fieid @
s hyperpolanzapility NO>  n+2,3,5,6,8,11,12
M dipole moment
poiing field
3 Boitzmann constant
T temperature
‘ dieiectric constant
n refractive ingex Dependence of Glass and Clearing Temperatures
on Carbon Spacer Length
110
RESULTS 100
90
(l;) 80 -
1 1 t el 2 70
Samole 1 {2ewd 1 w0 x (cale) 2 o
& so
€
10% g o
MNA/PMMA 1.6 1.5 0.6 30
20
tof = i = = =~ e
0() 1 2 3 4 5 [} 7 8 9 t0 11 12 13 14

All X" values are x10" esu and are at 1.06 ym
« (2.0 Measured at 1.06 ym

x"'(-.«.0) measured at 0.63 ym and a dispersion reiation
was used 10 obtain vaiues at 1.06 um

«"'(caic) used the thermodynamic model

Number of Spacer Carbons
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NLO Polymer Properiies

LANGHUIR  SLEDGETT FILMS

x'2 at 1.3 gm »50 pm/V
r {calculated) >14 pm/V e 20 tiawnw
n {13 um) 1.57
P (DC) 3 5 [ ] Onentaton of Mowcues by Surtece
e (n?) 2.6

[ ] Jsety tor Funcamental Sludes of
waveguide loss at 1.3 um 0.9 dB/cm

Spin coatabie from common soivants - :MErsCUON O! *ACIBUON with Moiecules

SPUCUOSCORY)
Poled for application

Stable (< 10% loss) at >50°C lor 5 years

- Tit ancpes
- HyoWDOIRriZatity
Langmuir-Blodgett Film (LBF) Farmation -t rece
* (s the deposition on a surtace of a single molecular layer at a - IAtefsclion Getwesn avers

highly orderea state
» Sequentat depasiien leads (o periodically structured lims

* Il is done by transter of a compressed molecuiar surface layes
on a liquid anto a sofid surtace by dipping

- LOCBt QOUCR! SNCINC ligvd efiacy

Transferred layer on solid surface

4 Molecular surface layer
= —_ Liqud o ;—- ] ?
» Applicauons o ! ‘ -
— Nonlinear optics: Bistable switches ! .t .
Thin film SH and TH generation 04 ; -0
— Electro-optics: Thin film light modulator | :
— integrated oplics: Planar dielectnic wave guides ‘ ;

]

175 S11%GHAL RELAVIVE 10 QUARTZ REF 1410

a
o

@ ot Ao

1P P SH SIGHAL RELAIVE (O OUARTZ REFI4 ’
o
.2

’ '
t . . r
'

o5
FRACTIONAL AREA OCCUPED 8Y THE DYE

g. 5. Plot of the second-harmonic (SH) signais 772 (O} anc
=1 () reistive Lo the quartz reference siab versua the aresa iracuor
cupied by the dye in the mixed monoiayer.

DA, SINLING U7 A GOBA B (98T, L. - ! VSO




Y owmy =

L12

~223l Zzt:ical Zlecsr:ic Fiela
S, * 1Py > (Bagg) Fd + ¢ JFS
-z “r Fzzs Pz \BezziFg “Yzzzz z
- - 11
Trm Zp v 2Tz P2
-
2 P
Tz 3
~H
4. 2. 3 anc v are =ne Jipole moments

ang solar:zapilit:ies

Z 3axi13 .S normal %2 glass surface

Sesults for the monlinear

Susecptibility

—3a x| Svua x?
Srag 2+x) 2 2nal (1+x) 2

(x10 *esu.)

Effective Xg5;

~intgar 4ean

+ “eglec:
noment

.ingar golar:zapl:ity

® Assune that
alcne cthanges
oct:ical ‘ielg.

10cal zynam:c

2 = surface censity of

3 = ~3dius =f nonlinear

molecule

variation of effective X,,; of a Langmuir Bloogett
Film versus naorwmalized concentration of actaive
nonlinear optical molecule
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CLASSES OF ORGANIC NLO DEVICES

»  Electro-Qpuc Devices

Control of light with siectronics

Sased on lhe second order NLO susceptibility x''

and

Appi Hybrnid ical pr
commumcations

All Cptical Devices

Centrol of light with light

3ased on (he third order NLO suscepubility x'°

L-13

POLYMER GUIDE FABRICATION PROCESS

COMPONENTS

- Spin Coating (thin film formation)
- Buffer Layer and Substrate Materiais

- Patterming

Metailizing

- Beam Coupling

A Al putng and uitra-iast
] jotelagtpalfly
Qutout
signal
v z!
P ectroge
N3
- input I8
' - 1aser beam @ , Secona ciaaaing \,\V\\,
‘ aver <
/ : Anaivzer
‘ .
\ ' Suostrate i
NLO actve iim T F Sirst cltagaing
cieciroae .aver
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MODOULATOR RESULTS

— \ T
MATERIAL |LENGTH| V4,

i i A ! Fuax | Taa
| MO V) Lam)  (MHz) | (Bm/V)
i |
[ PMMA: DNA 1.0 450 633 | 30 @ .5
X . I
| |HCC #0520 . 4.0 45. 633 . 0.5 | a.s
|HCC #1622 | 2.0 30! 830 . 1C" | 2.75S
HCC #1238 1 1.5 4.0; 830 | 1 j 20
. 316
= 2n3Lv,
' = .85 to .95 for these structures
TTHER MATEZER_A_ PRQOPERTICS

> N FROM 2. Z: 7D L.3E
Yoz TA2Z REZD = ZUZ
SUMMARY

- Organic NLC research at HCC has developed
outstanding NLO and EO polymers

- These materials, additionally, exhibit
combination of excellent performance
characteristics and fabrication properties
for NLO and EO devices

- Ilnitiative to develop a senes of important
NLO devices has been undertaken at HCC

- Fabrication science and technology for the
materials is a key component of the initiative
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PREPARATION AND CHARACTERIZATION
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A SERIES OF WOVEL RUTHENIUN CORPOWSTS WAVE BEEN DEVELOPED FOR USE N C o
WITH THE LASGARIR-BLOUGETT DEPOSITION TECMIGUE. CORPLEL(NG OF A N-
4= i RUTMENIUM (CYCLUPENTARIEWYL-BIS TRIPHENYLPROSPNINE) | KEAD "
GROUP 10 A CYASOTEAPWEAYL LIGUID CRYSTAL MOLECULE HAS BEEW SHOMS (= Ru
TO IWCREASE THE SECOND-ORDER WOW-LINEAR OPTICAL bl / \
NYPERPOLARIZABILITY AND FURTREMAORE [WOUCE MULTILATER FORMATION.
OPTICAL ABSORPTION DATA WAYE REVEALED THE EXCELLENT Ph,P  PPh,

REPROODCIBILITY OF SUCCESSIVE MONOLAYER TRANSFER. SECORD
WARRONIC GENERATION NAS BEEN OBSERVED AND THE EFFECT WAS 3EEN (b)
ISCREASED BY |NCORPORATING UMSUBSTITUTSD LIGUID CRYSTAL MOLECILES
INT0 THE vOIDS BETWEEW THE TERPMENYL CHAINS OF ADJACENT RUTHEWIUM

SUBSTITUTED MOLECULES. VE NAVE FURTNER OPTIRISED THE NOW-LIMNEAR FIGURE 1
RESPONSE BY SYSTEMATICALLY VARYING YNE ELECTROW-RELEASING
CHEMICAL 5ROUP AMD THE COWJUGATION WITHIN THE MOLECULE. (A} A TYPICAL CYANO-TERPWENYL MOLECULE (1),

(8) THE ((CgNg) ftw (PPWS)9) SUBSTITUTED MOLECULE
POSSESSES A LARGER SECOND-ORDER NO¥-LINEAR
OPTICAL WYPERPOUARIZABILITY THAM COMPOUND .

28 0.06
20. (@)
£
S 0.05% 4
15~ s
[}
- -
'« 10- N
£ " %
£ i W 0.044 J
e 5 2
4 3
w 0! T
€ 25~ S 0.03
@ g o T E
@
g 20+ te) (d) 4 o
a | 3
w i =
g sk . a o.02f J
T | Q
S 1 )
E) 3
L1 !» 1 0.0} . P
0L . N
130 140 150 180 140 150 160
AREA PER MOLECULE (A%
0 1 2 3 4 5 6 7
NUMBER OF LAYERS, N
FIGURE 2 FIGURE 3
TNE BEWAVIOWE OFROLECULES OF CONPLEX | AMD [ UNDEASOING
COMPRESSION ON TNE VATER SWRFACE. (A) COMPLEX 1 AT M 5.8, (3. C OPTICAL ABSORPTION VERSUS TNE WURBER OF TRABSFERRED MOWOUAYERS.
A5D 0) COWPLEY {1 AT M 5.5, S.8 M0 8.7 RESPECTIVELY. THE THE LINEAR RELATIONSNIP (WDICATES TNE REPRODUCIBILITY OF

WOLECULAR AREAS AT RELATIVELY NIGH SURFACE PRESSURE (20 MWA"1) SUCCESSIVE MOWOLAYER DEPOSITION.

CORRESPONS ACCORATELY TO TWE MEASURED CAOSS-SECTIONAL AREA OF THE
WTRENTOR NEAD CHOUP.
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[} 1 2 3 4 5 ] 7

SQUARE ROOT OF SECOND HARMONIC SIGNAL

NUMBER OF LAYERS, N

FIGURE 4

THE RELATIONSN(P BETWEEN TNE SQUARE R00T OF THE SECOND HARMOuIC
GENERATION SIGNAL AND STREWGTN TRE TNICKMESS OF THE FILR. THE
APPROXIMATELY LINEAR RELETIONSKIP IMPLIES THE uMIDIRECTIONAL
AL |GAWENT OF TME MOLECULES.

I I o o
CaHy CyHny CuHa CuHy
S S ° °
s 8 © e o
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N N‘ PF;” Ne PFy”
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COMPLEX | SHG SIGNAL NOAMALIZED TO I
1 1.0
)] 1.5
o 1.0
jo' 4 77.0
FIGURE 6

OFTIRISATION OF WOR-L|WEAR RESPOMSE. THE SECOND WARRONIC STGNAL
IS WIGNLY DEPENDENT yPOW THWE ELECTRON DOBOR AND TNE DEGREE OF
CONJUGATION,

ta) NO INCORPORATION

(6) INCORPORATED CTP MOLECULES

FIGURE §

WGH PACKING DENSITY STRUCTURES.
(&) TME L1QGTD CRYSTAL WOLECULES RAY REMAIW 08 THE WATER
SURFACE.,
oR
8) TMEY RAY Bf INCORPORATED [NTO THE SATRIX FORRED 3Y THE
RUTHENTUR SUBSTITUTED MOLECULES.

(al
y
- s CaHyy
e 25
z o)
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5 20+ \C/
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§ 15 A
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E 10} [Ruj
3 oH 58
E st CdCi; 9-4x107*M]
=2
0
100 200 300 %00
AREA PER MOLECULE, Am(A2)
() .
3 SUBPHASE CaCl;
< SUBSTRATE SPEED
3 0.7CM MIN"!
=
[
('
-]
- CYCLE
|l 4+ 2:3.4: s6 7 8
TIME
FIGURE 7

OPTIN(SATION OF TWE CARBON CRAIN LENGTH:-
(A) 11 VS, A PLOT FOR COMPLEX v, SNOWE 1N [WSERT

(B) TWE Z-TYPE DEPOSITION OF COMPLEX V. KIGHER RATES OF
DEAOSITION ARE POSSIBLE WITH CoCly (% TNE SUBPWASE.
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R-1

M. Thakur
AT&T

TOWARDS NONLINEAR OPTICAL
APPLICATIONS OF POLYDIACETYLENES




R-2

TOWARD NONLINEAR OPTICAL APPLICATIONS
OF POLYDIACETYLENES

M. THAKUR
AT&1 BELL LABORATORIES

8. |. GREENE

J. ORENSTEIN M. GOMEZ
K. TAl H. TANAKA
G. C. cHI A. TONELLI
K. J. O'BRIEN

Y. SHANI

TOPICS

MATERIALS ASSESSMENT

GROWTH OF THIN SINGLE CRYSTAL FILMS
+ FABRICATION OF DEVICE STRUCTURES
DEMONSTRATION OF CHANNEL WAVEGUIDING

INTENSITY DEPENDENT PHASE-MODULATION

IMPORTANT PARAMETERS FOR

MATERIALS SELECTION Te _so___ 0 o
« EXTENT OF CONVERSION (MONOMER — POLYMER) N -, i

Tomporatere (°T), ?

EXTENT OF CONJUGATION (PLANARITY)

.
293¢ |

THERMAL STABILITY (THERMOCHROMISM)

SoLuUBILITY

REPLICTIVITY

EASE OF CRYSTALLIZATION

" . 18 260 22 24 26
PHOTON ENERSY ( 103 em™ )




————— —y———— «—

. 3~2n,
= i

[i
~ey f

c0 -t -Cs

8 l sa' 58
7\',“ L-LquL j WW

3¢ Chemical Shifts of Polydiacetylenes

3¢, ppm vs. TMS
C=0 | X= -Ca a-CH, B-CH,, y-CH,
ETCD | 1575 | 1318 | 107.4 373 245
(blue) !
PTS-6 | — | 1313 | 1071 - - ‘
(blue)
PTS-12 | — | 131.0 | 108 - -
(biue)
TCOU - - {1073 - — I
(blue) {
l
1
ETCO | 1583 | 1320 { 1036 378 264 '
(red)
d
Tcou | 1558 | 1315 | 1029 | 379,323 | 259. 218 280 2081
{red)
ETCD | 158.1 | 1308 | 1025 73 272
(mett)

CONCLUSIONS FROM NMR STUDIES

* THE CONJUGATION LENGTH IS DETERMINED BY THE EXTENT OF
PLANARITY OF THE CHAIN-BACKBONE.

* INCREASE OF CHAIN LENGTH DOES NOT GUARANTEE INCREASE

OF CONJUGATION LENGTH.

* THE ACETYLENIC FORM IS PREDOMINANT IN POLYDIACETYLENES

INDEPENDENT OF PHASES.
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R-4

SINGLE

GROWTH OF THIN FILM CRYSTALS PRESSURE
A
+ THE SHEAR METHOD [ SHEAR
SoLID
ORIENTATIONAL PRINCIPLES SUBSTRATES ) C d%1um
REQUIREMENTS ON MOLECULAR SHAPE ~d
GROWTH PARAMETERS ™
CONTROL OF THICKNESS
OPTICAL QUALITY OF FILMS PRESSURE
o COMPARISON WITH THE L-B METHOD A
SOLID m
SUBSTRATES D) mm
o ASSESSMENT OF APPLICABILITY ~
(b) ORIENTED
NUCLEUS

COMPARISON OF THE CALCULATED
MOLECULAR LENGTHS WITH THE OBSERVED

. B d-SPACINGS
T T s
A
COMPENSATED | oSPACINGS OF
MATERIALS f;;‘é‘#:‘:fz LENGTH 1ST ORDER _
Leing (A} REFLECTIONS({A)
SPREADING COEFFICIENT
RC=C— C3 CAWITHR
Sea= "a- Ya- Tas 1. — CHy OH ~8.1 a.t 8.08
2. — (CH,), OCONM CyHg ~17.9 17.9 17.87
= Wag - Waa 3. — (CHy), OCO NH CyHs ~19.5 19.5 18.94
¥ = SURFACE TENSION 4. —~ CH, 080, Cq He CHy ~14.8 12.9 12.87
Wag = WORK OF ADHESION 5. — (CHg) OCO NH CH,COOC Hy ~28.9 269 26.80
Wgg = WORK OF COHESION un,-<: :)—c =N ~8.0 8.0 8.40
KO
:Cn-@_no, ~10.5 10.8 10.08
FOR SPONTANEOUS SPREADING Ho
Sea>0

C e

T yam ‘d~1'um

TOTAL SHEAR T = Tegg + Toxe

LATERAL PRESSURE P ~ 107 DYNES/cm2

EQUILIBRIUM SPREADING PRESSURE OF A MONOLAYER
Pmono ~ 107 DYNES/cm?2




-

PRESSURE
SENSOR

)4

COMPARISON OF THE L-B AND
THE SHEAR METHOD

© POLAR INTERACTIONS HAVE (MPORTANT ROLES IN BOTH THE

METHODS.

Al

INTERFACIAL

REGION RANGE OF MOLECULES.

OPTICAL QUALITY).

INTENSITY DEPENDENT PHASE MODULATION

nIng+nyl

ad = 3%" n2IL ., L=LENGTH OF PROPAGATION
A% = PHASE SHIFT

Ny OF PTS~7 x 1076 em2/MW SMITH, 1980)

IF OPTICAL PULSES (A ~1u) OF PEAK POWER ~ S00 mw
ARE FOCUSSED ON A CROSS-SECTION ~ 1 zm2
Ap—=1w
FOR L~1.4 mm. SEMICONDUCTOR
LASER
(As1.3,1.55,)

PTS FILM
P SM FIBER

——
|N3-—/‘L e ——0OuT;

COUPLER

WITH SUBPICOSECOND PULSES HoNe LASER

ENERGY REQUIREMENT <1 pi/bit.
THE DATA-RATE THAT THE DEVICE COULD HANDLE~ 1 THz
NONABSORPTIVE —= NO THERMAL DAMAGE.

FIBER

s[gf]e q

PTS

- .
[*—— Si0y

k Si 3
SUBSTRATE

SAMPLE

® IN THE L-B TECHNIQUE A LIQUID IS USED AS THE SUBSTRATE.
IN THE SHEAR METHOD SOLID SUBSTRATES ARE UTILIZED.

o THE L-B METHOD APPLIES TO AMPHIPHILIC MOLECULES ONLY.
THE SHEAR METHOD i8S APPLICABLE TO A BROADER

e THE L-8 METHOD PROVIDES ORDER ALONG ONE DIRECTION ONLY.
THE SHEAR METHOD LEADS TO 3-D ORGANIZATION.

¢ THE L-B FILMS HAVE MICRO-DOMAIN MORPHOLOGY (POOR

THE SHEAR-GROWN FILMS ARE UNIFORM SINGLE CRYSTALS
(EXCELLENT QPTICAL QUALITY).

LR
CAMERA




SUMMARY

A COMPARATIVE EVALUATION IS MADE FOR DIFFERENT
POLYDIACETYLENES IN RELATION TO NLO DEVICE
APPLICATIONS.

C'? - NMR RESULTS SHOW THAT THE CONJUGATION LENGTH IS
DETERMINED BY THE EXTENT OF PLANARITY OF THE CHAIN
BACKBONE AND NOT BY THE CHAIN LENGTH.

THE ORIENTATIONAL PRINCIPLES OF THE SHEAR METHOD ARE
DISCUSSED N COMPARISON WITH THE L-8 TECHNIQUE.

SUMMARY (Cont.)

THE SUPERIORITY OF THE SHEAR METHOD IN PROVIDING GOOD
OPTICAL QUALITY SINGLE CRYSTAL FILMS OF CONTROLLED
THICKNESS AND ORIENTATION IS DEMONSTRATED WITH MANY
EXAMPLES.

CHANNEL WAVEGUIDING IS DEMONSTRATED (PROPAGATION
> 5 mm) FOR SHEAR-GROWN PTS FILMS.

PRELIMINARY RESULTS OF INTENSITY DEPENDENT PHASE CHANGE
IN PTS WAVEGUIDES ARE DISCUSSED.
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D. Haarer
Universitat Bayreuth, West Germany

HIGH RESOLUTION
LASER SPECTROSCOPY IN POLYMERS
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Optical Kerr Measurements on some Ferrocene Derivatives.

C.S.Winter, J.D.Rush and S.N.Oliver.

British Telecom Research Labs.,
Martlesham Heath,
Ipswich IPS 7RE,

ngland.

We report here preliminary results from a study of the third order non-linearities in
a range of organo-metallic compounds. These initial measurements have been
carried out carried using the optical power limiter technique developed by Soileau
et al ™, where the critical power for self-focusing is measured and used to calculate
n. The materials measured were solutions of ferrocene in ethanol, varying from
10" to 10” molecules/cc and a liquid ferrocene derivative,
bis(trimethylsilyl)ferrocene. A value of  for ferrocene of 4.1x10* esu was found
for the solution studies, in good agreement with that measured for the liquid
derivative of 4.6x10* esu . The experiments were carried out at 1.06 «m with 10 ns
pulses. We are currently repeating the measurements using other techniques and
shorter pulses to distinguish the various possible contributions to the observed n..

(1) M.J.Soileau, W.E.Williams and E.W.Van Stryland;IEEE J Quant Elect..QE-
19,(1983),731.




Theoretical models for the second hyperpolarizability of
novel conjugated polymers

David N. Beratan
Jet Propulsion Laboratory
California Institute of Technology
Pasadena, CA 91109

Theoretical models will be presented for the chain length dependence of the
second electronic hyperpolarizability of simple polyenes, simple polyynes,
and more complicated unsaturated organic materials. The
hyperpolarizability of conjugated polymers which incorporate novel
localized electronic states will be described as well. These materials present
the possibility of achieving enhanced hyperpolarizabilities due to mixing of
appropriate "gap states” with the delocalized states of the conjugated
polymer. They also present the possibility of designing materials with
"switchable” hyperpolarizabilities.




NONLINEAR OPTICAL PROPERTIES OF TRANSITION METAL POLY-YNES
E.A. Chauchard, M.P. Cockerham, P.L. Porter, S. Guha, C.C. Frazier
Martin Marietta Laboratories
1450 South Rolling Road
(301) 247-0700

Data from third harmonic generation (with a 1.06-um fundamental),
power limiting and four-wave mixing measurements of solutions and films of
transition metal poly-ynes were used to verify that these compounds have
large third-order optical susceptibilities. The large third-order
nonlinearities observed in four-wave mixing studies of metal poly-yne
solutions may originate, in part, from contributions from the real and
imaginary components of intense two-photon absorptions associated with the
metal-organic compounds. We will discuss our latest four wave mixing
experiments and the direct observation of two-photon absorption in metal

| polv-ynes.

We will also discuss the correlaticn of polymer chain length and
structure with third-order hyperpolarizability per repeat unit for several

metal polymers and oligomers.

{ ;
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REVERSE SATURABLE ABSORBERS: INDANTHRONE AND ITS DERIVATIVES

R. S. Potember, R. C. Hoffman, and K. A. Stetyick
Johns Hopkins University Applied Physics Laboratory
Johns Hopkins Road
Laurel, MD 20707-6099

Indanthrone has been shown to exhibit the phenomenon of reverse saturable
absorption.1 The wavelengths at which indanthrone behaves in this fashion can
be changed by structural modification of the indanthrone chromophore. The
derivatives which have been synthesized have been shown to be more efficient
reverse saturable absorbers than the parent chromophore.

It is advantageous to extend the range of nonlinear behavior to any desired
portion of the spectrum, and this is best accomplished by substitution on the
aromatic portion of the indanthrone molecule. We have demonstrated that oxidized
indanthrone, monochloroindanthrone and an oligomer of indanthrone are more
efficient saturable absorbers than the parent. Oxidized and monochloro-
indanthrone exhibit reversr saturable absorption at both 1064 nm and 532 nm,
whereas indanthrone itself exhibits the phenomenon at 532 nm only. The
oligomer, which consists of three anthraquinone units, has proved to be an effi-
cient reverse saturable absorber at 1064 nm as well as at 532 nm.

Ic. R. Giuliano and L. D. Hess, IEEE J. Quantum Elec. QE-3, 338 (1966).

This work was supported in part by the Dept. of the Navy under Contract No.
N0Q039-87-C-5301.
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THE PREPARATION AND CHARACTERIZATION OF POLYMERIC MATERIALS
WITH ENHANCED SECOND ORDER NONLINEARITIES. M.L. Schilling, H.E.
Katz, D.I. Cox, AT&T Bell Laboratories, Murray Hill, NJ 07920.

We have recently introduced a new class of organic materials for second order
nonlinear optics, consisting of poled films of dye-containing polymers. In the past
year, some uncommon functional groups (di- and tricyanovinyl) have been shown to
enhance the molecular susceptibilities of the nonlinear moieties when used instead of
their more usual counterparts. Dyes with enhanced nonlinearities by virtue of the
cyanovinyl substituents have been exploited in the preparation of bulk materials with
some of the highest second order susceptibilities yet reported.

The synthesis of conformationally defined dye aggregates, whose subunit dipoles
are constrained to be additive, is in progress. These dyes can then be incorporated into
polymeric matenals, taking advantage of their enhanced effective dipole moments for
increased orientation in poling experiments. We will report some of the new synthetic

organic chemistry that has been utilized in preparing our latest electro-optical
materials.
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Second Harmonic Generation :in Doped Glassy Polymer Films as a

Function of Physical Aging

Hilary . Hampschla., Jian Yang.Z., Gecrze X. Wcng.2.,

and John. M. Torke.sonla,c!*

r

{a] Depar<ment of Materials Science ané =Zngineer.ng

o g

‘b Department of 2hysics and Astrsncay

-

mical Zngineer.ng

]

{ci Department of Ch
and the Materials Research Center
Northwes<tern University
Evanston, Illinois

March 31, 1988

ABSTRACT
The temporal stability of second harmonic generation (SHG)
intensity 1s measured in poly!methy. methacrylate) (FMMA) and
pisphenol-A-polycarbonate (PC) dcped with nonlinear optical dyes

in electric field poled films. Doped PC £ilms show s.ower SHG
decay than doped PMMA films at times less than 8 hours. In
PC+CANS films aged 10 hours at 259C, there is nc SHG decay over
the first 8 hours, whereas in PMMA+DANS aged at 259C and at 600C
the effect is much smaller. Two dopants shcw the effect of size
cn SHG decay, with the larger dopant showing increased temporal

stability. Good agreement is obtained when decay curves are fit

using a Williams-Watts stretched exponential.

* to whom correspondence cshould be addressed




ELECTRO-OPTIC, POLYMER CLAD, E-FIELD SENSOR

L. MICHAEL HAYDEN
GERALD F. SAUTER

UNISYS CORPORATION, CSD, St. Paul, MN, 55164

Abstract

There is a military need for sensor systems that combine
high sensitivity, immunity to EMI/RFI, large bandwidth, and low
power and cost. The hybridization of present day electronic
components with optical components offers the promise of sensor
systems that meet these requirements.

Unisys has been developing a PVDF-coated fiber optic,
electric field sensor and now has expanded its program to include
nonlinear organic polymers as cladding and waveguide material.
This paper will report on progress using Guest/Host (GH) polymers
as cladding material.

The concept of an all dielectric high frequency sensor is
demonstrated. The sensor consists of a Ag" exchange waveguide
coated with a GH nonlinear polymer glass. The sensor is
incorporated into one arm of a Mach-Zender interferometer and
exhibits a figure of merit of 4 microradians/volt/meter/meter.
The frequency response is flat from DC to our current
instrumentation l1imit of 5 MHz.

This sensor design was chosen primarily as a vehicle that
would allow an easy method to test and verify design parameters
for fiber sensor systems. These parameters include index and
depth of guide vs. index, thickness and E-O coefficients of the
cladding. We will present a comparison of the results of this
sensor with those from the PVDF sensor program.




MOLEZCULAR CONFORMATION AND THE STABI
TICT STATE IN ?,P'-DISUBSTITUTE-.,6-0
1.3,5-8EXATRIENES

C.T. Lin, H.W. Guan, R. K. McCoy and C. W. Spangler
Department of Chemistry
Northern Illinois Universicy
DeKalb, IL 60113

ABSTRACT

_The p,p-disubstituted linear diphenyl polyenes are expected to have a high
optical nonlinear susceptibility because of its large permanent dipole moment
induced by the substituents . The photophysical properties for a series of
p.p’ -disubstituted-1,6-diphenyl-1,3,5-hexatrienes (referred as D,A-DPH) are
investigated, where D and A are the electron-donating and - accepting groups of
-CCH3, -N(CH3)2 and -NCp. 1In 2ll solvents used, 2 dual fluorescance is
observed for D,A-DPH containing the internal rotation groups of -N(CH3)o and/or
-NOp, suggesting that the "a*" fluorescence (the locally excited state gives
the normal "b*" fluorescence) is originated from a twisted intramolecular
change transfer (TICT) state. The stability of TICT state is sensitive to the
D and A substituents and their relative twisting angles. The observed results
provide the avidence of the m-electron distortion and thus the sznhancemer:z of
optical nonl.nearity in this class oI molecules.




Second and Third — Order Nonlinear Optical Properties of
End — Capped Acetylenic Oligomers

Joseph W. Perry, Albert E. Stiegman, Seth R. Marder and Daniel R. Coulter

JetFPropulsion Laboralory, California Institute of Technology
4800 Oak Grove Drive, Pasadena, CA4 977109

We have been investigating the second and third — order nonlinear optical
properties of avariety of acetylenic oligomers. A series of symmetric acetylenic
oligomers of the form

R—(C=C)—R |
n

have been investigated for third — order nonlinear susceptibility. A series of new
compounds of the form

D—(C=C) — A ]
n

where D and A are electron donor and acceptor groups, respectively, have
been synthesized and investigated for second — order nonlinearity. Third —
order nonlinear susceptibilities of series | molecules in solution have been
measured using third harmonic generation (THG). THG susceptibilities at

1064 nm have been determined for various oligomer lengths and end — capping
groups. X(3) increases with length and varies with the nature of the end —
group. Series Il compounds have been screened for second harmonic gener —
ation by using the Kurtz powder method. Several samples show SHG efficien —
cies comparableto urea. Characterization of molecular hyperpolarizabilities
forthe series is in progress.




Optical Field Induced Scattering in
Polymer Dispersed Liquid Crystal Films

P. Palffy-Muhoray, Michael A. Lee and J.L. West
Liquid Crystal Institute
Kent State University
Kent, OH 44242

ABSTRACT

We report observations of optical field induced scattering
in polymer dispersed liquid crystal films due to reorientation of
the 1liquid crystal molecules by the optical field of a CW argon
ion laser. These composite materials consist of nearly spherical
liquid crystal droplets dispersed in a polymer binder. As
previously reported *-2.2, films of these materials may be
switched from an opaque scattering state to a clear transparent
state by application of a d.c. or low frequency a.c. electric
field. An applied low frequency electric field is used to align
the 1liquid crystal in an orientation such that the refractive
index of the liquid crystal within the droplet is matched with
that of the polymer binder. If a sufficiently intense optical
field is applied to the transparent film, it will reorient the
liquid crystal director, and give rise to a refractive index
mismatch and hence scattering.

1. J.W. Doane, N.A. Vaz, B.-G. Wu and S. Zumer, App. Phys. Lett.
48, 269 (1986).

2. J.L West, Mol. Cryst. Liq. Cryst. (in press).

3. S. Zumer and J.W. Doane, Phys. Rev. A 34, 3373 (1986).
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FROM SOLUBLE

WAVEGUIDE STRUCTURES

FABRICATION OF
POLYDIACZTYLENES. G.L. Baker, N.E. Schiotter J.L. Jackel, P. Townsend,
S.Etemad, Bell Communications Research, Red Bank NJ 07701.

| 2

Thin waveguide structures were fabricated from spun films of poly(3-BCMU) and
In the first, micron-sized features were

poly(4-BCMU) by two separate processes.
patterned in polydiacetylene films using deep-UV lithography. This multilayer process
utilizes a novel silicon-substituted polyacetylene as the resist layer, and can be used to
generate sub-micron sized features in thick (>1um) polydiacetyiene films.

In the second method, composite waveguides were fabricated from a patterned glass
substrate and an overlayer of the polydiacetylene. These composite structures are
Guides constructed as

relatively simple to prepare and are mechanically robust.
described above performed well with minimal losses and single-moded behavior at

laser waveiengths of 1-1.5 um.




